Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



3 ALT.ljf ^ 




MAXUAL 



CHEMICAL ANALYSIS 



TO 



nz ELiiEf inoy of mepkril cHDnciii. 



: .,A,. GUIDE 



nmzjcyATi.'y of teets zdestitt asd iiCAurr 



:? r:» 



DiTiLT.-iy -:? lur^ir/ ^ isj iDnm^mss. 



roc Tss rss or 



JL5j 07 PTIiaWlCEUnC-lL ASD MEDICAL <TZVJLSrC^ 



FREDERICK fiOFFMAXX, PH.D., 



Tsr cr 




XEW YORK: 
D . A P P L E T O V AND COMPACT, 

M9 t Ul BROADWAY. 
18731 



• • ••• 






• • 



•• • • 

• • • 



• • 









EmizBi, •eeodUn? to Act of CoofieM, In the jmt 18TS, by 

FBEDEBICK HOFFMANN, 

IB tbe Oflkae of tbe LOmtei of Coofreit, at WMbiiigtoiL 






PEEFAOE. 



Although the preparation of most medicinal chemicals 
has passed away from the laboratory of the pharmaceutist, 
and is successfully conducted on a commercial scale in manu- 
facturing establishments, yet the responsibility for the iden- 
tity and quality of medicines, and of the substances used in 
their preparation, rests properly and legally with those who 
prepare, compound, and dispense them. It is therefore the 
duty of the pharmaceutist and the dispensing practitioner of 
medicine, as also, to a considerable extent, of the druggist and 
the manufacturing chemist, to examine the medicinal chemi- 
cals of commerce as to their identity, quality, and purity. In 
the exercise of this duty, they have frequent occasion to resort 
for information to references now widely scattered through 
chemical, pharmaceutical, and medical manuals and journals ; 
since our literature, although of vast and increasing extent, and 
crystallizing more and more into distinct branches, is still 
wanting in a special guide for ready reference in the applica- 
tion of chemical analysis to such examinations. 

In the present volume I have endeavored to supply this 
want, in a manner and to an extent which, it is hoped, will 
confine the work within the precise limits of requirement, with- 
out detracting from its general scope and its practical useful- 
ness. 



since chemical teats and examinatioDB bear npoQ and ia- 
Tolce the inetliods ol' sveteniatic cliemical analysis, and as tlieee 
cannot be described in eacli particular instance, I have deemed 
it expedient to preface the volume with a few nutes on opera- 
tions and reagents, and on a few important general tests, and 
to present a brief outline of a simple course of qualitative analy* 
aU for the eystcmatic and progressive recognition of such sub- 
etances as are met with in the medicinal chemicals. A brief 
gaidc has also been added, for the volumetric estimation of 
those compounds to which this mode of examination is espe- 
cially applicable. 

Upon these preliminaries is based the Eu"bsequent descrip- 
tion of the phvsieal and chemical properties and relations of 
the medicinal chemicals and their preparations, and of the 
methods employed for establishing their identity, and for 
ascertaining their quality and purity. It has been compiled 
with special reference to the fifth decennial edition of the 
United States Pharmaeop<Eia, to the latest British Pharma- 
copeia, and to the Pharmacopcea Germanica of 1872. It baa 
been brought within the briefest possible compass, with the 
view to furnish a concise and trustworthy guide, combining 
easy execution, Eimple apparatus, and economy of time, with 
the greatest attainable accuracy. 

A glance at the table of contents will at once give an idea 
of the arrangement of the subject-matter, and of the scope an 
well as the limitations of the work. Chemical notation, al- 
though the most precise and definite, and at the same time the 
most comprehensive, method of expressing the constitution of 
compounds, has been omitted, for want of unanimity and abso- 
lute certainty in this particular point of ciiemical philosoplij-. 
The weights used are, with the exception of the volumetric 
t«sts and examinations, those of the troy scale, and the word 
"parts" means invariably parts by this weight, unless where 
Tolmne-parts are expressly stated. Temperatures are denoted, 
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in accordance with general adoption, by degrees of the centi- 
grade scale. Comparative tables of the two scales, and of the 
troy and metric weights, are given at the end of the volume. 

In preparing this compendium, I have consulted, and at 
times made free nse of, a number of standard works,' and 
periodicals of the kindred literature. I have, however, felt 
compelled, not without hesitation, to omit the introduction of 
references, which would have required much space, and would 
have greatly increased the size of the volume, without affording 
a corresponding advantage. 

Though well aware of the shortcomings and imperfections 
of the work, I nevertheless venture to hope that it will meet 
with kind consideration, and will prove both serviceable and 
stimulating in a province not yet duly appreciated or deserved- 
ly cultivated. This hope is the stronger, as the work appears at 
a time when the rapid advance of both sciences and arts, the 
drift of public sentiment, and the consequently increasing 
obligations of the pharmaceutist and the physician, all tend 
toward higher qualifications, and necessitate also, among other 
attainments, a more extended exercise of knowledge and skill 
in chemical and microscopical investigation. I trust, more- 
over, to the candor of critics, who, while it is easy to detect 
faults in a volume of this nature and scope, in which perfec- 
tion would scarcely be attainable even under more favorable 
circumstances, can at the same time appreciate the difficul- 
ties of a work that has been written in a pui'suit and position 
which exclude, almost wholly, the quiet reflection and undis- 
turbed study requisite for the prosecution of scientific or literary 
labor. 

In conclusion, I desire to express my obligations and thanks 
to Prof. D. S. Martin, of Eutgers Female College, for his kind 
assistance in the revision of the proofs. 

Kiw YoBX, February, 1878. 
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PART FIRST. 



OPERATIONS AND REAGENTS, 



mCLlTDIHO A BBIET OCTUNE OF 



A SYSTEMATIC COURSE OF CHEMICAL ANALYSIS, 



txa or 



VOLUMETRIC ESTIMATION. 



OPERATIOIifS AKD REAGENTS. 



OPERA TIONS. 

The operations in simple tests and chemical examinations 
must be supposed to be familiar to the pharmaceutist, the drug- 
gist, the pharmaceutical manufacturer, and the physician ; the 
description of them, therefore, can properly be left to the 
manuals of analytical and pharmaceutical chemistry, and may 
be confined in this volume to a few practical hints in relation 
to some of the principal operations. 

Solutiona.— The common solvent, water, has to be used dis- 
tilled, and this fact is to be understood throughout this work ; 
neither rain-water nor spring-water, however pure it may 
appear to be, can be used indiscriminately as a solvent or for 
edulcoration in chemical investigations. 

Solutions for testing are best prepared in test-tubes, or in 
small flasks or beaker-glasses. 

Increase of the surfaces of contact by comminution, agita- 
tion, and increase of temperature, as is well known, aid and 
accelerate the process of solution, as well as of chemical reac- 
tion ; and one or both of these auxiliaries may be employed, 
unless the nature of the substance or the effect of heat upon it 
is such as to exclude their application. 

Precipitation.— The formation of an insoluble body from a 
solution can be effected either by a change or modification, of 
the solvent, or by the production of one or more new bodies,. 
Insoluble in the solvent. An instance of the first case is an 
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aqneoDS solution of bariam chloride, which will be precipitated ] 
by the addition of concentrated hydrochloric acid, or a solutioa i 
of caicinm sulphate, which will he precipitated by alcohol ; iit»l 
both these instances the solvent power of tlic menstruum j 
lessened and Bolntion uiny be reestablished by the addition of a 1 
safficient quantity of water. Instances of the second case of [ 
precipitation are a eolutiou of calcium hydrate, pfecipitated by I 
sodium carbonate, and s Eolution of magnesium sulphate, pre- j 
cipitated by barium hydrate. 

Precipitation is resorted to as the most important mode of ' 
detecting and discriminating bodies by their physical and chem- J 
ical properties. 

The term " turbidity " designates the formation of a precipl- J 
tate Bo insignificant in quantity, or so finely divided, or bo li^tl 
in weight, that tlie suspended particles only impair the trans-fl 
parency of the fluid, and require a certain amount of time to| 
subside in the form of a precipitate. 

In the course of analytical investigation, each precipitatioa 1 
must be complete; to insure this, the reagent must be added 4 
gradually, allowing the precipitate to subside after each addi*! 
tion, until no further precipitate is produced. In almost aH-'T 
cases separation of ])recij>itates is aidedJ 
by the application of gentle heat. 

The separation of the eiipcmataiillj 
menstruum from a precipitate is effectet" 
eitlicr by filtration and subsequent waah-^ 
iiig of the precipitate upon the filter by ] 
means of a washing-bottle (Fig. 1), or, , 
where the precipitate speedily and coin 
pletely subsides, by decantation. As i 
rule, funnels and filters must be small^fl 
and proportionate to the amount of the4 
precipitate and the menstruum; filters .| 
should be cut so as not to project c 
fu. 1. the rim of the funnel, and it is also ad'i 

visable to moisten the filter upon the^l 
funnel with distillotl water, by means of the wnahing-bottl^^ 
previous to passing the fluid through it, Decantation f 
effected either by pouring off the supernatant clear part of ■] 
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» fluid by eimply inclining the vessel and allowing the fluid 
I flow down a glass rod (Fig. 2), or by drawing it oflf by means 
fa small glass Eiplion or a pipette (Fig. 3). 




In either mode of sepaiTitloa the precipitate, in most in- 
nccs, must be tlioroiiglily freed 
a the mcnstnnim by washing 
li water, either on the filter or 
f decantation. 
In all cases nnd operations 
of chemical examination, a rea- 
lable economy with the sub- 
face find the solutions is adv-ie- 
1, 60 as to leave enough of the 
mer for unseen contingenciea 
for contimiatory tests, as 
I as to repeat or Tcrify any 
1 all results of the cxnmina- 
All tests and reactions 
, therefore, performed on ns "■ - 

all a Btmie as is rcasonnblo and 
ropriate in the particular case ; and all operations shoidd 
i aecoi-dingly, and with constant observance of tho prin- 
e and processes >vhereon tlicy depend. 
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RE A 6 EtfTS. 

The methode of chemical analysis and investigation consists 
in bringing tlie substances under examination into contact with- 1 
other bodies of known properties, and observing the resulting J 
phenomena. These phenomena consist in alterations, either in | 
state of aggregation, form, or color, resulting from some cbemi- ' 
cal change. All bodies which are employed for this pnrpOBe I 
are called reagent», and the ensuing phenomena reactiotia. 

It is obvious, therefore, that a srrfficient knowledge of theo- J 
retical chemistry in its details, and especially a familiarity with ] 
the deportment, properties, and relations of the common ci 
pounds and reagents, are indispensable to the pursuit of chemi- 
cal tests and examinations. Upon such knowledge depend the J 
conception and comprehension of the conditions necessaiy for J 
tlie formation of new compounds, and for the manifestation of J 
the rarioUB reactions, as well as the correct inference from the I 
observations and results of all investigations; and without it J 
they will remain unavailing and uncertain. 

No special and definite rules can be assigned for the appIica-J 
tion of reagents in each instance, with respect to their propoiv \ 
tion and quantity. These must depend upon the qnantity and ■■ 
nature of the substance under examination and its solution, a 
well as upon the nature of the reagent, the strength of its hoIo- I 
tion, and the processes taking place in each particular reaction. J 
Knowledge and reflection, as well as a ready comprehenuoaj 
of the object and aim of each test, of its issues, and of the pes* I 
sible incidents, and a correct inference from all phenomena, ] 
must decide at large, as well as in detail, not only what reagents 
should be employed, but also the amount and the conditioiu I 
in each particular instance. 

A common error, and an obstacle to the less skilled, is the I 
use of an excess of reagents. There are reagents which in many 
cases admit a free application without disadvantage to the c 
rectnesa of the result — as, for instance, hydrosulphuric acid, 
solution of calcium hydrate, etc. ; but the majority of reagents ■ 
need to be applied in common tests only by a few drops of their 
Bolutions — as, for instance, baric, ferric, cupric, and argentio 
Bolntions, etc. On the other luind, there are not untrequently | 
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errors arising fix>m an insufficient amount in the application of 
reagents, especially with dilute solutions, or in those cases in 
which the complete elimination of a substance by precipitation 
is required for the subsequent examination for other bodies : for 
instance, hydrosulphuric acid, applied in a limited quantity, pro- 
duces a white precipitate with solutions of mercuric salts ; ap- 
plied in excess, it gives a black precipitate. There are other in- 
stances where an excess of the solution under consideration, as 
well as of the reagent, may redissolve, and consequently destroy, 
the precipitate whereon Uie reaction is based. 

In operations of chemical analysis it must always be borne 
in mind and well understood that, in the processes and phe- 
nomena taking place between the reagents and the substances 
acted upon, as in all chemical changes and reactions, certain laws 
and definite limits exist between cause and effect, and that the 
ability of correctly applying knowledge, judgment, and skill, 
and of drawing the right inference from necessary as well as 
from casual reactions and phenomena, must rule and guide the 
methods and operations of the investigator, and carry them be- 
yond mere conjecture and empiricism. 

It is beyond the scope of this work to describe the mode of 
preparing the reagents, their use and application, and their 
deportment with the common compounds. For such informa- 
tion, reference must be had to the text-books of applied and 
analytical chemistry. From a practical point of view, only the 
usual strength of the solution of the reagents, as best suited for 
the common test« and examinations, and the mode of preparing 
a few of the rarer or special reagents, or of such as are not in- 
cluded among the medicinal chemicals considered in this vol- 
ume, have been stated. 

It hardly needs to be mentioned that all reagents must con- 
sist purely of their essential constituents, and must contain no 
admixture of any other substance ; it must, therefore, be an in- 
yariable rule to test the purity of the reagents before they are 
employed. 

The reagents and their solutions must be preserved accord- 
ing to their nature ; of those whose solutions are liable to altei- 
ation or decomposition, only small quantities must be kept, 
and always in tightly-closed glass-stoppered bottles. 
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Co]icentrftt«d Sulphuric Acid. — Spec, grav., 1.843; contain- 
ing abwut 78.3tJ per cent, anhydrons sulphuric acid, 

Stcong Salpburio Acid. — Spec, grar., l.GS : containing about 
62.04 jMir cent. aDhjdroQB sulphuric acid. Obtained by care- 
fullr mixing, in a flask or beaker, 1 part of water with S parts 
of coDceutrated aulphuric acid (Fig, 4). 

la diluting concentrated 
snlphnrlc.acid with water, the 
acid should invariably and 
gradually be added to the 
water, and in vessels which 
are either placed in cold water^ 
or which are not liable to crack 
from the heat evolved. 

Diluted Bulphmio Add. — 
Spec, grav., 1.U3-1.117; con- 
taining about 13.50 per cent, 
of anhydrous Bulphuric acid. 
Obtained by mixinit 1 part 
of concentrated sulphuric acid 
with 5 partft of water. 

Solphnxoai Aoid. — An aque- 
ous solution of Bolphurous-acid gas, saturated at 15 C, con- 
taining about 37 times its volume of gas. 

Conceatrated Hydrochlmo Acid.— S|iec. grav., 1.16; contain- 
ing nboiit 32 |>er cent, of anhydrous acid. 

Diluted Hydrochlorlo Acid. — Spec, grav., 1.038; contain- 




ing abont 8 per cent, of anliydroos acid. Obtained by mix- 
ing 4 parts of water with 1 part of concentrated hydrochloric 
acid. 

Conoentisted Hitrio Aoid. — Spec grar., 1.42 ; containing 60 
per cent, of anhydrous acid. 

When concentrated acids are ap> 
plied in small teatB only by the drop, 
aa, for instance, in testing alkaloids, 
etc., they are taken from the bottle 
by dipping a glass rod into the acid 
and allowing the drop or drops to 
fall upon the sabstance to be acted 
upon, or better by means of a kind 
of pipette Gonsisting of a thin, ftrong 
glass tube, adjusted at one end to 
a small caoutchouc bulb, and con- 
tracted at the other extremity to 
a capillary end. The fluid is 
drawn into the tube, and delivered 
again by gentle pressure of the bulb 
(Tig. 5). 

Dilated Vitrio Acid. — Spec, grav., 
cent, of anhydrous acid. Obtained by mixing 4 parts of water 
with 1 part of concentrated nitric acid. 

Oxalic Aoid.— Solution of 1 part of crystallized oxalic acid 
in 12 parts of water. 

Aoetto Add. — Spec, grav., 1.047. 

Diluted Aoetio Aoid. — Obtained by mixing 4 parts of water 
with 1 part of acetic ncid. 

Tartaric Aoid. — Solution of 1 part of crystallized tartaric 
acid in 5 parts of water. 

Tanaio Aoid. — Solution of 1 part of tannic acid in a mixture 
consisting of 8 parts of water and 2 parts of alcohol. 

Didigo4olpliiirlo Aoid. — Solution of indigo in sulphuric acid. 
Five grains of finely-powdered indigo are digested in 2 drachms 
of concentrated snlphnric acid, in a corked test-tube, for 2 
hours; subsequently, 4 ounces of strong sulphui-ic acid Brp 
added, and, after subsiding, the clear liquid is decanted, and 
carefully added to 2 ounces of water. 



1.068; containing 10 per 
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Indigo Solphftte. — Solution of 1 part commercial indigo car- 
mine* in 15 parts of water. 

Aniliae Sulphate. — Solation of 5 drops of aniline in 1 ounce 
of diluted aulpliiiric acid, 

gnlplLorio-Acid HaciUge of Starch. — Ilalf a drachm of Btttrcb, 
raixud with 1 ounce of cold water, is stirred into 3 ounces of 
boiling water; then half a draclim of diluted sulphuric acid, 
and, when cool, 5 drops of benzol are added. 

Hncilage of Starch. — 20 grains of starch, mixed with 1 ounce 
of cold water, are stirred into 3 ounces of boiling water, and the 
boiling ia continued for a few minutes ; when cool, the clear liq- 
uid is allowed to stand for 12 hours, ia then decanted, and a few 
drops of benzol are added ; or 
it ia saturated with sodium chlo- 
ride, when it may he kept a long 
time without decomjMisition. 

EydnMnlphario-Acid Oai(Snl- 
phoretted Ilydrogen). — Obtain- 
ed by the action of diluted sul- 
phuric acid upon ferrous sul- 
phide. Among the several con- 
renient forms of apparatus for 
the continuous preparation of 
the gas and to keep it ready for 
use, the otie represented in Fig. 
6 is preferable. It consists of 
three glass bulbs, the two lower 
ones being a single piece, and 
the upper one, prolonged by a 
tnbe reaching to the bottom of j^ ^ 

the lower, being ground air- 
tight into the neck of the second. Through the tnhnlure of 
the middle bulb the ferrous sulphide is introduced, and the 
tubnlure then closed by a cork containing a wide glass tube 

• Ohliined by prpcipilatioa of 4 diluted solution of iodigo in Nordhaoien oil of 
YUriol by ■ coniwntraled aolution of pure potasBiuro orbonale in electa ; the deep- 
blue precipilatc ia oolleeled upon a Slltr, wixhed with lome wat»r until Iho Gltrate 
<'«asea to dterreace with conceniniled acid^, nnd U then ilripci. The obtained inl- 
pblndigotic potawium ia ioluble, willi ■ deep blue color, iu Ui) put« of »«ter. 




Kprovided with a atop-cock, or with a rubber tube, closed 
Fliy a Mohr's wire clamp {see p. 56), The acid ib poured in 

through the safety-tube, runs into the bottom globe, and rises 

to overflow the ferrous sulphide iu the middle one. When tlie 

air has been allowed to escape through the dcliverj-tube, and 

this is cloged, the pressure of the accumulating 
I bydrogen eulphide furcee tie liquid from the 

second bulb down into tiie lower, and thence 

into the upper bulb, thus stopping the action, 

and preserving a volume of the gas ready for 

nee. 

When no such apparatus is at band, hydro- 

anlphuric-acid gas may be generated, in small ^^^ ^ 

teets, trom a little flask or a test-tube (Fig. 

1), taking care that none of the contents of the flask pass 
' through tlie delivery-tube into the liquid under examination. 

Hydrwnlphurlo Acid. — A solution of hydrosulphuric-acid 
mgUi (sulphuretted hydrogen) in water, saturated at 15° C, or 
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In onler to preeerve the hydrosniphnrie acid, it is advisable 
to fill the fresLIv-prepareil saturated solution immediately into 
2- or 4-oDDoe vi^ and to place them, tightly corked, in an 
inverted position, in a jar filled with water. 

When, in the course of a te&t, a solntion has to be acted 
opon for some time fay bydrosiilphuric acid, a test-tube or flask 
may be employed, of such size as nearly to be filled by the 
liqaid. It may then be tightly stoppered, allowing snfiicieiit 
cacai>e of air l>efore corking, if it has to be warmed. 

Chlorine Water. — A saturated aqueoua siiliitioii of chlorine, 
cODUining about 0,-i per cent, by weiglit of gas. For ana- 
lytical use, this solution is best preserved iu 1-ouace vials, 
tiy;htly corked and sealed, in a cool place. 

Iodine Water. — Add 1 drop of tincture of iodine to 3 flaid- 
onnceo "f water. 

Fotaaunm Hydrate. — Solution of 1 part of fused potassium 
hydrate in 3 parts of water, containing 26 i>er cent, of potas- 
tinm hydrate. 

Liquor Potaaaee, U. S. P. — Containing 5.8 yicr cent, of potas- 
sium liydmle. 

Fotaniom Carbonate. — Solution of 1 part of pure potasfiinm 
carlmnati' in .*! parts of water. 

Fotawiiun Bicarbonate, — Solution of 1 part of poCassinm bi- ' 
ciirlx'iiiitL- in 10 jmrts of water, 

Potaanum Acetate. — Solution of 1 part of potassium acetate 
in & piirirt of water. 

fotaHiam lodate. — Fourteen grains each of iodine and of 
potiis^iiim citlotate are moistened witli a little water, and trit- 
urated to a fine powder; a little more water, acidulated with 
5 drops of concentrated nitric acid, is then added, and the 
whole digested in a flask at a gentle heat, until discolored ; the 
heat is then increased to boiling, and tlie contents are siibse- 
quoiitly transferred to a porcelain capsule, and evaporated to 
complete dryness at 100° C, The residue is dissolved in 5 
ounces of water, and filtered. 

Potassium Permanganate. — Solution of 1 grain of potassium 
pprin(iii;;iitiiite in .'i ounces of water. 

Potasiinm Biehromate.~SolHtion of 1 part of potassium bi- 
eliroiriute in 10 parts of water. 
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PotanlTmi Antimoniate. — ^A cold-saturated, aqueous solution 
of potassinni antimoniate. 

PotanlTmi Cyanide. 

PotanlTmi Ferrooyanide. — Solution of 1 part of potassium 
ferrocyanide in 12 parts of water. 

PotanlTmi Ferri Cyaiiide. — Solution of 1 part of potassium 
ferri cyanide in 20 parts of water. 

PotanlTmi Sulphooyanide. — Obtained by boiling, in a flask, 
for 15 minutes, 1 drachm of fused potassium cyanide and 1 
drachm of sublimed and washed sulphur in 6 drachms of 
water ; then the liquid is filtered, and so much water added 
as to make the quantity 6 fluid drachms. 

PotanlTim Iodide. — Solution of 1 part of potassium iodide in 
10 parts of water. 

Commercial potassium iodide •generally contains traces of 
potassium iodate, and this should be eliminated by dissolving 
the salt in boiling alcohol, to saturation, filtering the hot solu- 
tion, and, when cool, collecting and drying the separated salt. 

lodinized PotanlTmi Iodide. — Eight grains of potassium iodide 
and 2 grains of iodine, dissolved in 2 ounces of water. 

PotanlTim Mercoiic Iodide. — A solution of 11 grains of mer- 
curic iodide and 8 grains of potassium iodide in 10 drachms of 
water. 

PotanlTmi Mercturlc Iodide with PotanlTun Hydrate (Nessler's 
test). — A solution obtained by gradually adding mercuric 
iodide, mixed in a test-tube with some water, to a warm solu- 
tion of 20 grains of potassium iodide in 1 drachm of water, 
until the mercuric iodide ceases to be dissolved (about 20 grains 
will be required) ; when cooled, 1 drachm of water is added, 
and, after allowing the solution to stand for 24 hours, it is fil- 
tered, the filter washed with a few drops of water, and 5 drachms 
of Liquor Potassii, U. S. P., added. 

SodiTua Hydrate (Liquor Sodii, U. S. P.). — Spec, grav., 1.071 ; 
containing 5.7 per cent, of sodium hydrate. 

Sodium Carbonate. — Dehydrated by exsiccation. 

SodiTim Carbonate. — Solution of 1 part of crystallized sodium 
carbonate in 10 parts of water. 

SodiTim Bicarbonate. — Saturated aqueous solution of sodium 
bicarbonate. 
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Bodinm Bitartrate.— Saturated aqueous solution of sodium 
bitartrate. 

Sodiom Acetate. — Solution of 1 part of crystallized sodium 
acetate in 5 parts of water. 

Sodium Fhofphate.— Solution of 1 part of crystallized sodium 
pLospliate in 5 parts of water. 

Sodiom HTporalphite. — Solution of 1 part of crystallized 
sodium hyposulphite in 10 parts of water. 

Ammonium Hydrate (Aqna Ammonite fortior). — A nearly 
saturated a<jueous solution of ammonium hydrate. Spec, grav., 
0.900 ; containing about 36 per cent, of the gas by weight. 

Aqua Ammonin, XJ. S. P. — Spec, grar., 0.960 ; containing 10 
per cent, of ammonium hydrate. 

Ammoniom Snlpbydrate, — A solution of ammoninm snlphy- 
drate in water containing B<jme ammoninm hydrate; it is ob- 
tained by saturating, at 15° C. or a lower temperature, 4 parts 
of Aqua Ammonise fortior, U. S. P., with hydrosulphuric acid 
gas, and by subsequent addition of 1 part of aqua ammonise. 
It is best preserved in 1-ounce vials, tightly corked, and in a cool 
place. This solution, being concentrated, has to be employed, 
in the common teat, only in small quantities, mostly by drops. 

When hydrosulphuric acid gas is at hand, ammonium sul- 
phydrate may, in many of its applications, be produced by 
saturating the liquid under examination with the gas, and by 
subsequent addition of ammonium hydrate; or, in ammoniated 
Bolutions, if dilntion does not interfere with the reaction, by 
addition of hydrosulphuric acid. 

Ammoniom Carbonate. — Solution of 1 part of crystallized 
ammonium sesqui carbonate in 8 parts of water and 2 parte Oi 
aqua ammonia'. 

Ammoniom Chloride, — Solution of 1 part of crystallizod am- 
mouium chloride in 10 parts of water, 

Ammoniated Hagnesinm Sulphate. — Solution of 2 parts of 
magnesium sulphate, 1 part of ammonium chloride, and 1 part 
of aqua ammonia;, in 3 parts of water. 

Ammoninm Oxalate. — Solution of 1 part of crystallized am- 
monium oxalate in '20 parts of water. 

Calcium Hydrate (Lime-water). — Saturated aqueous solatioa 
of calcium hydrate. 
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Caldiim Chloride. — 1 part of precipitated calcium carbonate 
is shaken with 8 parts of water, and so much concentrated 
hydrochloric acid added as nearly to dissolve the carbonate ; 
the solution is then filtered, and 2 parts of water are added. 

Caldiim Sulphate. — Saturated aqueous solution of calcium 
sulphate, containing about 0.2 per cent, of the salt. 

Barium Hydrate. — Saturated aqueous solution of barium hy- 
drate, containing about 5 per cent, of the salt. 

Barium Hitrate. — Solution of 1 part of crystallized barium 
nitrate in 16 parts of water. 

Barium Chloride. — Solution of 1 part of crystallized barium 
chloride in 16 parts of water. 

HagneslTim Sulphate. — Solution of 1 part of crystallized mag- 
nesium sulphate in 10 parts of water. 

Ferroiu Sulphate. — Solution of 1 part of ferrous sulphate, 
obtained by precipitation with alcohol, in 4 parts of water. 

Ferrous sulphate is best obtained by pouring an aqueous 
solution of freshly-prepared crystallized feri'ous sulphate, satu- 
rated at the boiling-point, into strong alcohol, coHecting the 
precipitate upon a filter, washing with a little alcohol, drying 
by pressing between filtering-paper, and by immediately tilling 
the humid salt into small warm vials, which are corked and 
sealed while warm. The absence of ferric sulphate may be 
ascertained by testing the solution with potassium ferro-cyanide. 
No blue turbidity, or only a very slight one, should occur. 

Ferrio Sulphate, obtained by diluting 1 part of Liquor Ferri 
Persulphatis, U. S. P., with 3 parts of water. 

Ferrio Chloride, obtained by diluting 1 part of Liquor Ferri 
Perchloridi, U. S. P., with 3 parts of water. 

Ferri dinitrosnlphide, obtained by adding, drop by drop, a 
solution of ferric chloride or sulphate, with constant stirring, 
to a mixture consisting of equal parts of strong solutions 
of potassium nitrate and ammonium sulphydrate, heating the 
liquid to boiling for a few minutes, and filtering while hot from 
the sulphur. The deep-colored liquid deposits, on cooling, 
black, needle-shaped rhombic prisms of ferri dinitrosulphidQ ; 
these are dissolved 1 part in 10 parts of water, to give the 
required solution. 

Cobaltous Hitrate. — Solution of 1 part of cobaltous nitrate in 
10 parts of water. 
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StannoTu Chloride. — Satnr&ted Bolution of real and pure tin- | 
foil in concentrated liydrochloric acid, with subsequent additioii f 
of a little concentrated hydroeUoric acid. 

Plnmbic Acetate. — Solution of 1 part of crystallized plumbio | 
acetate in 10 parts of water. 

Fliunbic Nitrate, ^Solution of 1 part of crystallized plumbie I 
nitrale in 10 parts of water. 

Cnpric Sulphate. — Solution of 1 part of crystallized cuprio J 
Bulphate in 10 parts of water. 

Fehlin^i Solution. — 4^ draelims (1T.33 grammee) of pniv^ 
crystallized cnpric sulphate are dissolved in 2 ounces of water j 
2i onnces and 2 scruples (86.25 grammes) of pure cryatallized I 
potRRsium and sodium tartrate are dissolved in 5 ounces of water, 
and 2i ounces (70 grarames) of Liquor Sods of 1.3 spec. grav. 
are added. Then the cupric solution is gradually added to the | 
Islter one, and the liquid passed through a filter, and so much I 
water added as to make the whole measure 16 fluidouncM \ 
(5iW cubic centimetres). 

Kercnric Chloride. — Solution of 1 part of crystallized nier<-J 
curio chloride in 20 parts of water. 

Ai^entic Hitrate.— Solution of 1 part of crystallized ai^entio 1 
nitriitc in 'JO parts of water. 

Flatlnic Chloride. — Solution of 1 part of platinic chloride iM^ 
20 part* of water. 

Haacent Hydrc^n ia a very delicate means of detecting^ 
arsenic; tJiis test depends upon the production of hydiNigeil' | 
arsenide, whenever arsenic is present in any soluble form, in » i 
solution in which hydrogen is being evolved by the ac-tion of 
zinc upon hydrochloric or sulphuric acid. 

There are two methods of the application of this test ; the 
one long known as Marsh's test, and preeminently adapted for I 
forensic and quantitative detection and estimation of arsenic, | 
the other of recent device, and preferable for the ready and j 
prompt qualitative detection of arsenic. 

A complete bnt simple form of apparatus for Marsh'x test ib. J 
represented in Fig. 9 ; it consists of a generating-flask a, of about j 
4 to 6 "ounces' capacity, provided by means of a twice-perforated I 
cork, or rubber stopper, with a funnel-tube and a delivery-tube^ I 
which la^t ia c< xinected by rubber corks with a wider glass tube^. I 



I c, loosely tilled with fragments of calcium-cbloride ; to the oppo- 
I «te end of this drying-tube k attached a long piece of narrow 

nbing of hard Q-erniaii glaas, rf, drawn out into a capillary end, 

nd bent up so as to form a vertical jet. 




The test consists in introducing into the flask a pure granu- 
lar zinc or magnesium, and a little water ; .when the apparatna 
is tigiitly fitted, hydrochloric or sulphuric acid is added through 
thefunnel-tnbe. 

It is nenessary in each case first to ascertain the purity of 
' these substances. After the evolution of gas has continued 
\ long enough to expel the atniosphei-ic air, the reduction-tube, d^ 
I is heated lo redness for ahitiit ten minutes, the escaping gas is 
lighted, and a piece of white porcelain held in the flame. If 
no dark deposit takes place, either in the tul>o or on tlie porce- 
lain, the liquid to be tested may then be aflded through the fun- 
nel-tube, and the operation continned in the manner described. 
If arsenic-spots are obtained in the tube, a number of them may 
be produced by heating the tube in at least two places, at dift- 
r tances of about three inches, or if an approximately quantita- 
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tive estimation of tlie arsenic is desired, all the arsenic may be 
obtained bv the employment of a longer reduction-tube and 
several flames. 

The obtained arsenic mirrors may be examined for identi- 
fication or quantitatively determined by subsequently cutting 
off the tube with a tile. 

Ilagers test, requiring a simpler apparatus and less time, 
depends upon the action of hydrogen arsenide upon soluble 
ai^ntic salts^ fonning black argentic arsenide, and consists 
in evolving hydrogen in a long test-tube^ and allowing the 
escaping gas to pass through a cover of white bibulous paper 
moistened with Si>Iution of argentic nitrate, or closing the tube 
loosely with a cork, into the lower end of which a strip of stiff 
white blotting-pa[M?r v>aper, moistened with the ai^ntic nitric 
solution, has been fiistened. 

Since, however, the presence of the lower oxy-acids of sul- 
phur and selenium give rise to the formation of hydrosulphuric 
acid, which also blackens argentic salts, this test has invariably 
to be preceded by a test for the absence of such acids, for 
which purtK>se plumbic acetate is employed, which is not de- 
comp\>sed by hydrv^geii arsenide, 

A mixture of 1 i^urt ^\f concentrated hydrochloric acid with 
2 parts of water, or, when sulphuric acid is employed, a mixture 
of 1 i^rt of cvnicentrateii sulphuric acid with 4 to 5 parts 
of water, is iutrvHluoevi into a long test-tul>e \^Fig. 10), taking 
caro that it tills only about one-tenth of the capacity of the 
tuU\ and tliat the upjH^r j^arts of the interior of the tube re- 
main drv ; a few piivos of purv rinc arv then placed in the 
ai*id* and a small bunoii of wtton, nunstened with a solution of 
plumbic awtato, is iust^rfod into the oritice i4' the tube, which 
is then alk^wixl to stand for half an hour; if, after that time, 
tlie cv^ttou n*uuut\s ivlorU^s tho rx\H$^nits are fiwe from lower 
v^xv-aoivls of sulphur auvl soloniusu, which are liable to form 
byvirvvs^ulphurio acid, and to impair the cv^rrwtness? of the test. 

The oivrativ^n n^j^x thou Ih^ rx^|H\*^tt\l with the addition of 
the livjuid to Iv tcst^sl, and with the ptwaution to ascertain, 
notwithstaiuiiui: the purity vvt* tho r\\Hi^-,us, the al^sence of 
hydrvv>ulvh^^fi^* ^^*^^l* ^*^ ^'^'* Aiu\ultautvus oxiv^urv of ar^^entic 
nitrate and pUuubio avvtatv to tho ^waiHUi: gas ; tHs is done 
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by employing the cotton moietened with Bolution of plumbic 
acetate and pressing it a little into the tube ; the opening ia 
then looeely tied with white blotting-paper, and tUis moiBteued 
with one drop of solation of argentic nitrate ; or a few frag- 
ments of cork are placed npon the cotton, and a little gun- 




cotton moistened with solution of argentic nitrate is placed 
above. Instead of cotton and paper cover, a cork may be em> 
ployed, provided with two small strips of stiff, white blotting- 
paper, wliich are moistened immediately before the operation 
is instituted, the one with solution of atgenttc nitrate, the 
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Other with solotioo of plambic acetate ; toe cork is then looaelj 
fitted into the test-tnbe, and this allo-ared to scand £>r half an 
hour. 

If arsenic be present, the paper corer. \X scrip. <x the gnn- 
o^itton, containing the aigentic solatioiu will becC'Cie black ; the 
•trip moi.^tened with plumbic acetate most remain white. As 
an additional evidence that the brown or blaek reaction is 
argentic arsenide, the paper or cuttoa coQCAining the dark 
reaction mav be immersed in an aqaeoas solarloa of p*3tas- 
0iam cvanifJe <'l to 8) in a test-tnbe, and thU ijenriv warmt-d, bv 
dipping it in water of 50' C. ; the dark *pi>ts «"<" argentic 
arsenide will become a little lighter, bat will n>>c diia{q>ear, 
while spots of ai^ntic sulphide disappear at once, and spots 
of argentic phosphide or antimonide are diieolved gradu- 
allv. 

m 

Ether. — Sf>ec. grav., 0.728. 

Abfolute Alftohol. — Spec, grar., 0.793. 

Chlorofiirm. — Spec, grav., 1.4S0. 

Carbon Bisulphide. — Spec. grav.. 1.272. 

BenzoL — Spec, grav., 0.6S0 to 0.7«>>. 

Albumen, — The white of one chieken-ejg is agitate«l with 3 
ounces of water, and is then tiltered through clean tow, pre- 
viously moistened with water. 

Oelatin. — Solution of 10 grains of ichthvocoUa. in shreds, in 
each ounce of water, obtained by digestion and sul^sequent 
filtration through moistened clean tow. 

Heutral Idtmoi-Solution is prepared by digesting, for 24 
hours, 1 part of powdered commercial litmus in alK>iit 10 parts 
of water ; the solution is then filtered, and the filter washeil 
with 4 jmrts of water. The filtrate obtained is divided into 
two equal parts ; to one of them very dilute plu»sphoric acid 
is added, drop by drop, with constant stirring, until the liquid 
turns faintly red. The red liquid is then added to the blue 
portion, 2 parts of alcohol are added, and the whole kept in 
small, well-corked bottles. 

Blue Litmuf-Paper is prepared by drawing unsized white 
paper (Swedish filtering-paper) througli the above neutral 
liquid. 

Bed Litmuf-Paper is prepared by drawing unsized white 
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paper (Swedish filtering-paper) througli the acidulated red- 
dened part of the litinus-solution, as obtained and described 
above, in the preparation of neutral litmus-solution. 

The paper obtained is dried in warm air, and, for ready 
use, is cut into strips of about ^ of an inch wide and 4 inches 
long, and preserved enclosed in parafiin-paper, or in tightly- 
corked bottles. 

In reactions of neutralization, where carbonic-acid gas is 
evolved, this substance acts on litmus, and may impair the cor- 
rectness of the test ; in such operations it is therefore better, 
if admissible, to operate on warm solutions, in order quickly to 
expel the carbonio-acid gas ; if heat be incompatible, turmeric- 
paper may be used instead of litmus-paper. 

Turmerio-Solationy obtained by digestion of 1 part of pow- 
dered rliizomas of turmeric in a mixture of 4 parts of alcohol 
and 3 parts of water. After one or two days, the liquid is 
filtered off and preserved. 

Tormerio-Paper is prepared from this tincture by steeping in 
it white unsized paper (Swedish filtering-paper). The paper 
need not l)e preserved from the action of the atmosphere, since 
it remains unchanged by carbonic acid.« 

Alkanet-Paper is prepared like litmus-paper, by saturating 
unsized paper with a solution of the alkanet-red. This is 
obtained by extracting dry alkanet-root with ether ; the filtered 
solution is ready for use. 

The blue paper may be obtained from the red one by dip- 
ping it into an aqueous solution of sodium carbonate (1.500). 
A neutral paper, answering for the alkaline as well as the acid 
test, may be prepared by dividing the ethereal solution of alka- 
net-red into two equal parts ; to one is added, drop by drop, an 
aqueous solution of sodium carbonate, until the red is just 
changed to a distinct blue tint ; then both liquids are mixed 
and used for the preparation of the paper. 

8 



BRIEF COURSE 



or 



QUALITATIVE CHEMICAL AIJfALYSIS. 



Cdekical tests and examinations must be founded upon a 
thorough knowledge of the nature and relations of the reagents, 
and of their deportment with the common compounds, and also 
upon a certain fixed order and methodical system in their ap- 
plication. These attainments, and the necessary' skill, expe- 
rience, and judgment, are requisite for every one who enters 
upon testing and investigation with a chance or claim of accn- 
racv or certainty. 

The following brief outline of a simple progressive course 
of qualitative chemical analysis depends, first, upon the succes- 
sive elimination of groups of elementary' com{x>uiHls which 
possess certain common chemical properties, and, finally, upon 
the recognition of each member of such groups; it may there- 
fore serve as a guide whenever, in the course of investigation, 
recourse is to be had to such a systematic method of analysis. 

For obvious reasons, onlv those elementarv bodies and their 
compounds have been taken into consideration which are met 
with in the examination of medicinal chemicals and their prep- 
arations. For any more comprehensive or elaborate informa- 
tion, the standard works of analytical chemistr}' should be con- 
sulted. 

When the obiect of the examination is onlv to establish the 
presence or absence of some particular substance, the charao- 
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teristic reagent may be employed at once; but, if a qualitative 
analysis is required, the substance, if a solid body, may be sub- 
jected first to a preliminary examination in the dry way, by 
which means approximate information as to its composition 
may be obtained; after this, it is dissolved, and examined. 
The coursQ of qualitative analysis, therefore, consists of three 
parts : 

I. Preliminary examination in the dry way. 
II. Solution, or conversion into the liquid form. 
III. Analysis of the solution. 

I. P&BUICZKABT KTAlTTNATIOy. 

This consists in an accurate observation of the physical 
properties of the substance, its form, color, hardness, gravity, 
and odor, and of its deportment at a high temperature, either 
alone, or in contact with some chemical compound which pro- 
duces decomposition. 

1. The substance is heated in a dby narrow tube (Fig. 

11). 

(a) Organic compounds carbonize and hlacien^ evolving 
empyreumatic, inflammable gases. 

(J) The substance remains unaltered; indicating absence 
of organic matter, of salts containing water of crystallization, 
and of volatile compounds. 

(c) The substance fuses^ expelling aqueous vapors^ which 
condense in the cooler parts of the tube; indicating salts with 
water of crystaUization (these will generally re-solidify after the 
expulsion of the water), or decomposable hydrates, which often 
give off their water without fusing. 

{d) Gases or fumes a/re evolved : smell of iodine from iodine 
compounds; smell of sulphurous acid from decomposition of 
sulphates ; smell of nitric oxides from the nitrates ; smell of 
ammonia from ammonium salts, from cyanides, or from nitroge- 
nous organic compounds, in which latter case carbonization 
takes place, and either cyanogen or empyreumatic fumes es- 
cape with the ammonia. 

{e) Sublimates are formed by volatile substances, as sulphur, 
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and componnda of ammoninm, mercury, arsenic, and antimony. 
In this case the sublimate is removed to the buttom of the 
test-tube, and, together willi the substance, h covered with A 




few email pieces of charcoal, and again heated ; mercury and 
arsenic form metallic sublimates, the latter with the character- 



istic garlic odor, the former without. In another tube part , 
of the flub&tance is heated, and the sublimate is moistened \ 
with solution of potassium hydrate ; mercurous chloride turns 



QUALITATIVE CHEMICAL ANALYSIS. 37 

black ; mercuric chloride, red ; and amraoniam salts evolve the 
odor of ammonia. 

2. The substance is mixed with dried sodium cakbonate, 
and heated on chabooal in the sedudng flame of 

THE BLOW-PIPE (Fig. 12). 

(a) Fusion and absorption into the coal indicate alkalies. 

(J) An infusible white residue^ either at once or after previ- 
ous fusion in the water of crystallization, indicates compounds of 
calcium, barium, strontium, magnesium, aluminium, zinc, or tin. 

{c) A redtcction to the metallic state takes place, without 
formation of a peripheric incrustation upon the charcoal. 
Compounds of tin, silver, and copper, give malleable shining 
scales. Compounds of iron, manganese, cobalt, and nickel, are 
reduced to a gray infusible powder ; all visible upon cutting 
the fuse from the coal, and triturating and levigating it in an 
agate mortar. 

(d) Reduction with incrustation: Antimony, compounds 
give a brittle metallic globule and a white incrustation ; bis- 
muth, a brittle globule and a brown-yellow incrustation ; lead, 
a malleable globule and a yellow incrustation ; zinc and cad- 
mium are not reduced, but give, the former a white incrusta- 
tion, not volatile in the oxidizing flame, the latter a brown-red 
incrustation. 

{e) Arsenic compounds give the smell of garlic. 

{f) Borates and aluminates swell up. 

ig) Sulphur compounds give an alkaline sulphide, which, 
when moistened, leaves a black stain upon a clean silver plate. 

n. SOLTTTION OF 80XJ3> BODIES. 

After having ascertained, by the preliminary examination, 
to what class of bodies the substance under consideration be- 
longs, it has then to be brought into the liquid form — in other 
words, to be dissolved. The usual solvents which are employed 
are water, hydrochloric and nitric acids, and aqua regia. The 
finely-powdered substance is first boiled with from 12 to 20 
times its weight of distilled water, in order to ascertain its 
complete or partial solubility, or its insolubility therein. K it 
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bo not completely dissolved, the portion insoluble in w&ter il j 
coUectetl upon a filter, and is then treated auccessivelj with ' 
dilute and concentrated hydrochloric acid; by this process car- 
boiiates evolve carbonic-acid gas, with eflfervescenee ; peroxides, 
chroniates, and chlorates, evolve chlorine ; oyanideB give hydro- 
cyanic acid; many sulphides, hydrosulphuric acid; sulphites 
and hyposulpliites, sulphurous acid. 

If hydrochloric acid does not comjiletely dissolve the sub- 
stance, it generally effects the separation of one or more of its 
constitnents; for this reason the Boluttun should he separated 
from the residue and examined apart. The residue may consist 
of compounds un decomposable by hydrochloric acid, which 
existed in the original aubstanco; or of insoluble compounds 
formed by the decomposition of the original substance by hy- 
drochloric acid. Thus sulphur is separated from polyenlphides, 
and pulverulent or gelatinous silica from silicates; or, if lead, 
silver, or subsalts of mercury be present, insoluble chlorides of 
these metals will be formed. In this latter case, argentic ehli>- 
rido may be distinguished by its solubility in aqua amnjoniffl^ 
and mercurous chloride by its reduction to black mcrcurouBOside. 

If the substance is not completely soluble in bydrochlorio 
acid, the insoluble residue is treated successively with nitrio 
acid and aqua regia, which either act as mere solvents or exert 
an oxidizing action. 

When a finely-powdered substance is not dissolved by ano* 1 
cessive treatment with either of these solvents, it must be ren- . 
dered soluble by other means, in order that its constituents may 
be determined. This is generally accomplished by fusion with 
3 to 4 parts by weight of alkaline carbonates, in the case of ' 
the sulphates of barium, strontium, calcium, and lead, and also j 
of silica and silicates, or by fusion with potassium hisulphate 
in the case of alumina or aluminates. 



m. aUAIJTATtVB ANAliTSIS OF SOLOTIONS. 

1. Examination foe bases. 

The most important groups of bodies are the simple com- 
pounds of the so-called metallic elements, which contain gen- 
erally but one base and one acid, or one metallic and one 
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non-metallic element. The elimination of the former depends 
upon the different solubility of their sulphides, and, upon this 
fact, they are divided into three groups, which afterward are 
successively discriminated ; by this proceeding, the detection 
of each individual member of such group is considerably facili- 
tated. 

Chroup L — Metals whose stdphidee are insoluble in vsUer or 
dUtUed acids. They are all precipitated from their acid solu- 
tions by hydrosulphuric acid. They are divide<^ into two sub- 
divisions : 

(A) Metals whose sulphides arc sulpho-acids, forming with 
sulpho-bases (ammonium, potassium, and sodium sulphides) sol- 
uble sulpho-salts. These are : arsenic, antimony, tin, and gold. 

(B) Metals whose sulphides do not possess acid properties, 
not combining with, and therefore insoluble in, alkaline sul- 
phides. These are: lead, silver, mercury, bismuth, copper, 
and cadmium. (Sulphide of mercury is soluble in potassium 
or sodium sulphide, and sulphide of copper is somewhat solu- 
ble in ammonium sulphydrate.) 

Onmp n. — Metals whose sulphides form soluble sulpho- 
salts J which consequently are not precipitated by hydrosnlphu- 
ric acid from neutral or acid solutions, but partly from alkaline 
solutions ; which, however, are completely precipitated by -am- 
monium sulphydrate from neutral as well as from alkaline so- 
lutions. These are, again, subdivided into two groups : 

(A) Metals which are precipitated as sidphides : iron, man- 
ganese, zinc, nickel, and cobalt. 

(B) Metals which are precipitated as oxy-Ay{fra^; alumin- 
ium and chromium. 

Group HL — Metals whose sulphides and hydrates are sol- 
uble in water ; and which, therefore, are not precipitated by 
hydrosulphuric acid nor by ammonium sulphydrate from any 
solution. This group includes the so-called alkaline and alka- 
line-earthy metals. They are subdivided according to their 
deportment with ammonium carbonate in the presence of am- 
monium chloride. 

(A) Metals which are precipitated by ammonium carlx)nate, 
their normal carbonates being insoluble in water or in ammo- 
nium chloride; these are: calcium, barium, and strontium. 
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(B) Metals which are not precipitated by ammonium car- 
bonate; these are; Disgneeiiim, potassium, eodium, and ammo- 
ninm. Magnesium carbonate is insoluble in water, but soluble 
in ammonium chloride; the carbonatee of the alkaline metah 
are soluble in water. 



If a solution is supposed to contain several or all of these 
metals, it is obviouB that, bv the snccesaive application of ' 
these general reagents, we shall separate, jfr^/, by hydrochloric ] 
acid, those metals whose chlorides are insoluble in water or ia ' 
dilute acids; Mwndiy, by hydrosulphuric acid, those metals 
whose sulphides are insoluble in diluted acids; thirdly, by am- 
monium sulpliydrate, those remaining metals whose sulphides 
or hydrates are insoluble in neutral or alkaline liquids; and, 
linally, by ammonium carbonate, those metals whose carbonates 
are insoluble : so that at last only the alkaline metals are left 
in solution. 

Hereupon the following course and method of investiga- 1 
tion may be employed, with the observation of the following I 
roles: 

The precipitation by each general reagent must be com- 
plete. To insure this, the ret^ent must be added gradually, 
allowing the precipitate to subside between each addition, until j 
no further precipitate is produced. In the case of hydroaol- -I 
pliuric acid, the precipitation is complete when the solution, 
after agitation, etill smells strongly of the gas. 

Each group, when precipitated, must be thoroughly treed, 
by washing with water, from all members of the subsequent | 
groups, which may be contained in the solution. After the J 
precipitation of eacii group, it is advisable to ascertain the 
presence or absence of any members of the succeeding gronpSj 
by evaj>orating on platinum-foil a tew drojw of the filtrate; i^ 1 
after ignition, there is no distinctly visihle residue, non-volatile 1 
substances need not be looked for further. It is obvious that, 
if complete precipitation and thorough washing ba ueglectedj J 
metals belonging to one group are liable to be found amonica 
those of another group ; and, consequently, as the analysis prQ*« 
oeeds, reactions will be obtained which will be a source of pei^ -T 
plezity and errors, 
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Topa/rt of the solution of the substance under examination^ 
acidulated with hydrochloric or nitric acidy add hydrosuljphih 
rio acid: 

PrecipUate No. 1. 

Yellow precipitate : arsenic, tin, and cadmium. 
Orange precipitate : antimony. 
Brown precipitate : gold and subsalts of tin. 
Black precipitate : mercury, lead, bismuth, silver, 

and copper. 
Filter, preserve the filtrate, and mark it No. 1. 

Wash precipitate No. 1 on a filter, and treat with ammo- 
nium sulphydrate ; filter, and preserve the recddue, marked 
No. 1, on the filter. The filtered solution of sulphides is now 
over-saturated with hydrochloric acid : the ensuing precipitate 
may contain the sulphides of arsenic, antimony, tin, and gold ; 
it is washed and treated with solution of ammonium carbonate, 
which dissolves arsenic ; from this filtered solution the arsenic 
may be re-precipitated by hydrochloric acid, and may be iden- 
tified as arsenic by the metallic mirror, and by the garlic-like 
odor when heated with charcoal in a glass tube. Those sul- 
phides which are not soluble in ammonium carbonate are dis- 
tinguished by their deportment when heated on charcoal in the 
blowpipe-flame ; antimony oxidizes in the oxidizing part of the 
flame, giving white fumes and an incrustation of antimonio 
oxide ; sulphide of tin, not being volatile, remains on the char- 
coal, and gives, when fused with potassium cyanide, malleable 
metallic globules of tin. An examination for gold is only re- 
quired when the solution of the original substance had a yellow 
color; in this case the solution is tested with ammonium chlo- 
ride, and then heated with ferrous sulphate ; gold is reduced 
and precipitated as a fine brown powder. 

Eesidue No. 1 is treated on its filter with warm nitric acid ; 
sulphide of mercury remains undissolved ; it is dissolved in 
aqua regia, and recognized by reduction with stannous chlo- 
ride. Part of the nitric-acid solution of the sulphides is tested 
with sulphuric acid for lead; if this be present, it must be 
completely precipitated from the solution before testing the 
same with hydrochloric acid for silver, and this metal, if pres- 
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etit, mnet also be completely precipitated ; the filtered eolation 
is nest over-eaturated with ammoniam hydrate; an ensuing 
blue color indicates ooiq;>er, and a white precipitate, Ustnuth; 
in the latter case the precipitate is collected upon a filler and 
dissolved in a few drops of etrong nitric acid, which solntioo, 
when dropped into an excess of water, will give rise to the " 
formation of white turhid clouds. Finally, the solution fil- 
tered from the bismuth is treated with ammonium carbonate; 
cadmioin, if jire^nt, ia precipitated, and may be confirmed by 
the forinalion of brown circular incrostations on the charcoal* 
when the precipitate is heated with exsiccated sodium carbon- 
ate in the reducing fiame. 

FUtrats Jfo. 1, when an examination npon fixed constita- 
ents, by evaporation and heating upon platinum-foil, has mi 
affirmative result, is &ver-^aiiirat«d mith ammonium hydrate, 
and an exceta of ammonium evljAydrata ia added. 



PretApUaU Jfo. 9. 

Blnck precipitate: iron, cobalt, and nickel. 
Flesh-colored precipitate : manganese. 
Bluish-green precipitate : chromium. 
White precipitate: alnminiam and zinc. 
Filter, preserve the filtrate, and mark it Ho. 2. 

Wash the precipitate on the filter, and dissolve in hydroelilo- 
ric acid. Only the sulphides of nickel and cobalt remain do- 
dissolved ; they are dissolved upon the filter with warm iutria I 
acid; the ensuing solution ia slightly over-saturated with am- 
monium hydrate, and subsequently treated with potassiam 
hydrate: nickel is precipitated as green oxyhydrate; tbs 1 
solution filtered from the nickel is tested with hydrosulphuiiQ I 
acid; a black precipitate of cobalt sulphide is identified a 
such by fusing it before the blowpipe with a borax-bead, to I 
which it imparts a blue color. 

The hydrochloric-acid solution of precipitate No. 2, contain* 1 
ing the metals of the second group, is boiled, after the addition ' 
of concentrated nitric acid, until the evolution and odor of hy- 1 
drosulphuric acid cease, when it is filtered and over-saturated 1 
with ammonium hydrate : the ensuing precipitate may contain j 
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the hydrates of iron, alnmininm, and chromium. Thej are 
collected upon a filter, and the filtrate is marked No. 3. In 
order to discriminate them, the precipitate is treated with a 
solution of potassium hydrate : aluminium and chromium 
oxides dissolve; the liquid is diluted with a little water, fil- 
tered, and heated to boiling ; ofaromiiim hydrate is re-precipi- 
tated, the solution is then filtered, and boiled with ammonium 
chloride: aluminium hydrate is precipitated. The residue 
from the precipitate remaining undissolved in potassium hy- 
drate is dissolved in a little hydrochloric acid, and recognized 
as iron by precipitation with potassium ferrocyanide. 

Filtrate No. 3 is boiled with potassium hydrate : an 'ensu- 
ing precipitate, first white, and gradually turning brown, indi- 
cates manganese, which may also be recognized by the green 
fuse, when a part of this precipitate is fused with a mixture of 
sodium carbonate and potassium nitrate on platinum-foil. The 
solution, filtered from the precipitate, gives, on the addition of 
hydrosulphuric acid, a white precipitate of zinc sulphide, if 
that metal be present. 

Filtrate No, 2, when evaporation upon platinum-foil indi- 
cates fixed constituents, is over-saturaied with hydrochloric 
a<^,and is heated until the odor of hydrosulphuric acid nearly 
or entirely ceases ; when cold, it is filtered, slighHy over-satu- 
rated with ammonium hydrate^ and completely precipitated hy 
ammonium carbonate. The carbonates of calcium, barium, and 
strontium, are thrown down. The precipitate is dissolved in 
hydrochloric acid, and the resulting solution is tested by agita- 
tion with a saturated solution of calcium sulphate : if a white 
precipitate be formed immediately, the presence of barium is 
shown ; if it be formed after a while, stoontium is indicated. 
If both these alkaline earth-metals be present, the solution is 
completely precipitated by sulphuric acid; the filtered solution 
is then neutralized with ammonium hvdrate, and tested with 
ammonium oxalate; an ensuing white precipitate indicates 
calcium. 

If the solution filtered from the earthy carbonates shows 
fixed constituents upon evaporation on platinum-foil, part of 
it is examined with sodium phosphate: an ensuing white pre- 
cipitate of magnesium and ammonium phosphate indicates 
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magneiiiun. If this metal be present, the solution is exactly 
neutralized with hydrochloric acid, and is then agitated with 
barium hydrate, so that the magnesium may be completely 
precipitated as hydrate ; the excess of barium is completely re- 
moved from the filtrate by sulphuric acid ; the filtrate is then 
evaporated to dryness, the residue moistened with hydrochloric 
acid, and heated to redness ; it is then examined upon plati- 
num-wire in an alcohol-flame; sodium imparts a yellow, 
potaifrium a red, color to the flame ; for verification, the rest 
of the residue may be dissolved in a few drops of water, and 
tested with platinum chloride ; a yellow crystalline precipitate 
of potassium platinic chloride will be formed, if potassium be 
present. 

Ammonium is always sought for in a separate portion of 
the original substance or solution, by heating with a concen- 
trated solution of potassium or sodium hydrate: any ammo- 
nium compound evolves the characteristic odor of ammonia. 

ZI. EXAXINATIGH FOB ACIDS. 

The examination for the bases is followed by that for the 
acids and for chlorine, iodine, and bromine. The preliminary 
examination, as well as the nature of tlie substance and the 
bases found therein, will give information, in most eases, as to 
what acids cannot be contained in the sul>stanee, and what 
acids may be present therein or should especially l>e looked 
for. Thus the acids of arsenic, and chromic, carbonic, and 
hydrosnlphuric acids, have already been indicated. With 
soluble substances containing earthy and metallic bases, the 
presence of carbonic, phosphoric, boric, and oxalic acids, is 
excluded: soluble substances, containing silver, lead, and 
mereurons compound?, exclude chlorine; soluble substances, 
containing lead, barium, strontium, and mercuron»4 salts, ex- 
clude Fuljihuric acid. 

In the examination for acids, a neutral solution is frequent- 
ly required, and generally ammonium hydrate is used for neu- 
tralization ; but, as most of the heavy metals, as well as some 
alkaline earthy salts, are precipitated when their solutions are 
neutralized bv ammonium hydrate, it is ofken necessary to 
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remove from the Boliition ail metals, except those of the alkalies, 
before proceeding to search for acids. When this is not neces- 
sar}', it is frequently requisite, according to the nature of the 
substance and its chemical relations, to substitute, instead ot 
hydrochloric acid and its salts, nitric acid and the correspond- 
ing nitrates. 

The general reagents employed in the examination for 
acids are barium chloride or nitrate, calcium chloride, argentic 
nitrate, ammonium and magnesium sulphate, ferric chloride, 
and indigo-solution. By these reagents the common acids 
are divided into certain groups: 

1. Acids which, are precipitated by barium nitrate: — ^a, 
from addidated solutions : sulphuric acid ; — b, from neutral 
solutions (the precipitate being soluble in acids) : sulphurous, 
phosphorous, carbonic, silicic, oxalic, chromic, boric, tartaric, 
citric, and arsenic acids. 

2. Acids which a/re precipitated by calcium chloride : — a, 
from neutral solutions only: phosphoric, arsenic, boric, car- 
bonic, sulphurous, tartaric, citric acids, and ferrocyanides ; — b, 
from neutral or acetic-acid solutions : sulphuric and oxalic 
acids. 

3. Acids which are precipitated by tnagnesium sulphate^ in 
presence of ammonium hydrate and ammonium chloride : phos- 
phoric, arsenic, and tartaric acids. 

4. Acids which are recognized by ferric chloride : — a, are 
precipitaled : ferrocyanides, phosphoric, arsenic, tannic acids 
(from a neutral or acetic-acid solution), boric, benzoic, and suc- 
cinic acids (from neutral solutions only); — b, those which give 
only a colored reaction {in acid solutions) : ferricyanides 
(brown); — in neutral solutions only: acetic acid, sulphurous 
acid (red), and gallic acid (black). 

6. Acids which are precipitated by argentic nitrate : — a, 
from neutral solutions (precipitate being soluble in dilute 
nitric acid) : phosphoric, pyro- and metaphosphoric, arsenious, 
arsenic, chromic, oxalic, boric, tartaric, citric, sulphurous, and 
formic acids ; — ^b, from acid solutions also (the precipitate 
being insoluble in dilute nitric acid) : hydrochloric, hydro- 
bromic, hydroiodic, hydrocyanic, iodic, hydrosulphuric acids, 
and ferro- and ferricyanides. 



46 



MANUAL OF CHEMICAL A.VALTSIS. 



6. Adda which decolorise indigo solution: free Gblorina>1 
and bramiDe, and ttieir oxygen acid>), when tree; free uitrie'j 
ncid, it' not too dilnte, and alkaline eulpliides. On the addition j 
of sulphuric or hydrochloric acids, and heatiD<r, indigo-solntioa' | 
is also discolored by all chlorates, brouiates, iodates, and ni- ' 
trates, and, on addition of hydrochloric acid and heating, be- 
sides all the foregoing acids, alao by chromates, perinangauatea, 
and all peroxides. 

Hereiijion the following mode of investigation for the moBt \ 
common acids is based : 

Add to a part of the eolation barinm chloride, or, if silver, 
lead, or mercnrous salts are present, barium nitrate ; an ensu- I 
ing precipitate, insoluble on Jhe addition of hvdrochloric « 1 
nitric acid, indicates ■olphuilo add; if the precipitate be { 
partly or entirely dissolved, the acids of arsenic, or phosphoric, 
Iwric, chromic, oxalic, or tartaric acid, may be present: in this 
case part of the original solution is over-satunited with ammo- 
ninm hydrate, and is tested with atnmoniated magnesiam 
sulphate, and warmed; the occurrence of a white cryatallini 
precipitate indicates phosphoric or anenio add; the latter 
one has already been indicated in the preliminary examination, 
and its presence may be confirmed, by fusing part of the origi- 
nal substance, or the residue of the evaporated solution, on 
charcoal with potassium cyanide. 

If arsenic acid is found to be present in the solution, it hae 
to be removed by reduction with sulphurous acid and by sub- 
sequent precipitation with hydrosulphuric acid. Then plios- 
phorie acid may be recognized in the liltrate by the addition 
of ammoniated magnesium sulphate, and by redis£o1ving the 
resulting precipitate io nitric acid and re-precipitation by ar- 
gentic nitrate, whieh, when idiOflphoiio add is present, will 
give a yellow precipitate. 

Boric add is detected in the eubptanco by its property of 
imparting a green color to the alcohul-Hame, and by its reaction 
with turmeric-paper. When the solution of the original sub- 
stance waa yellow or red, and the precipitate with barium waa 
also yellow, chromic acid may be present ; in this case, the 
chromic add has to be reduced to chromium oxide by alcohol 
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and hydrochloric acid, and may then be recognized, as stated 
in the examination for bases (page 43). 

Tartaric and dtrio acidi have been already indicated in 
the preliminary examination. Qxalio aoid is detected in neu- 
tral solutions by calcium sulphate, the white calcium oxalate 
being insoluble in acetic acid. 

Part of the solution, prepared or acidulated with nitric 
acid, is precipitated with argentic nitrate ; an ensuing precipi- 
tate, insoluble in nitric acid, would indicate hydrochloric or 
hydrocyanic acids, iodine, bromine, and ferro- and ferricyan- 




Fzo. 18. 



ides. Hydrocyanic acid, besides being already indicated in 
the preliminary examination, may be detected by its reaction 
with ferrous and ferric salts. If the silver precipitate be yel- 
lowish, and insoluble in ammonium hydrate, it indicates 
iodine: in this case the original substance, on being heated in 
strong sulphuric acid, emits the vapor and odor of iodine. If 
the precipitate be curdy, and soluble in ammonium hydrate, 
it indicates, if no cyanogen compounds be present, hydro- 
chloric acid : if this be the case, the cyanogen lias to be de- 
stroyed ]>y fusing the substance with a mixture of sodium car- 
bonate and nitrate ; the residue is extracted with water, and the 
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filtered solution, acidulated with nitric acid, is then tested 
with argentic nitrate. 

Nitric and chloric acids have already been detected in the 
course of the preliminary examination. The former may also be 
recognized by mixing the solution in a test-tube with an equal 
bulk of concentrated solution of ferrous sulphate, and pouring 
the mixture carefully upon concentrated sulphuric acid, so that 
the fluids do not mix (Fig. 13). If nitric acid be present, the 
line of contact between the two fluids will show a dark red- 
brown coloration. Chloric acid will be detected by the evo- 
lution of chlorine, when the original substance is warmed in 
strong sulphuric acid. 

This brief outline of a systematic course of analysis is ne- 
cessarily open to modification in its details ; such will be desig- 
nated in many cases by the results of the preliminary examina- 
tion. As has already been stated, the search for the acids is 
especially more or less dependent upon the results of the pre- 
vious examination, and the substances found. 

Complex substances, and those which resist the common 
solvents, have to be dealt with by special processes in order to 
transform their constituents into soluble compounds, as stated 
on page 38, or by methods better adapted to their nature. 
Thus, insoluble compounds of the heavy metals may be decom- 
posed by digestion with ammonium sulphydrate ; sulphates of 
strontium and calcium, by digestion with sodium carbonate ; 
in both cases, the filtrate contains the acid, together with an 
excess of the decomposing agent, while the metal is found in 
the residue. Insoluble salts of organic acids are decomposed 
by boiling with an alkaline carbonate : iron salts containing 
volatile organic acids, by digestion with ammonium hydrate ; 
in both cases, the filtrate contains an alkaline salt of the acid. 
Sulphides, and all the lower oxygen acids of sulphur, yield sul- 
phuric acid when digested with nitric acid, or any correspond- 
ing oxidizing agent. 
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OF THB DEPORTMENT OF THE COMPOUKDS OF THE COMMON MSTAIA WITH 

SOME OF THE OENEBAL BEAOENTS. 



•»• 



Oxides precipitated by HYDR08ULPHURI0 ACID from 

Aeid Soluiiont : AUcallfu SolutUms : 

asStdpkkUt: oiSulpMdst: at Omy^ydraUt : 

As Sb Sn An Pt Hg Bi Fe Mn Go Ni Zn. Al Or. 

Ag Cu Pb Od. 



Sulphides soluble in 

XUric Aetd : Aqua Bsgkt : Ammcniwm SulpkfdraU : 

PbS BiS CuS AgS HgS CoS NiS. AsS 8bS SoS 

CdS FeS MnS ZnS. AoS PtS. 



Oxides precipitated by 

MfdrteUoHcAeid: JSMfihmHeAeid: AmnunUmmff^raU: 

Pb Ag Pb Hg,0 Fe Co Ni Mn 

Hg,0. SbsO, SnOs Zn Al Cr. 

BaCa. 



Ba St Ga. Bi CiitO Hg,0 SnO SbsOa. 



Oxides soluble in 

BfdraU: Am mtn t mm Hydr^U: 

Pb Sb>0, Sn O, Zn Al Or. Ag Cd Ca Zn Co 5L 

ZnCr. 
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VOLUMETEIO AJS'ALTSIS. 



The quantitative estimation of a number of medicinal 
chemicals and their preparations has been much simplified in 
practice by the volumetric method of chemical examination, 
which is based upon the fact that chemical substances combine 
in definite and equivalent proportions, and consists in not- 
ing the volume of a test-solution of known strengtli, required 
to produce by chemical reaction a certain visible effect when 
added to a known quantity of the substance under examination. 
On obtaining this effect, the quantitj^ of tlie reagent being as- 
certained, and that of the substance being already known, an 
accurate estimate may readily be made by equation and simple 
calculation. 

By the aid of this simple and rapid mode of examination, 
the proportion of the constituents of chemical compounds and 
their preparations may be at once quantitatively estimated. 
In the following part of this volume, in treating of all those 
chemicals and preparations in which quantitative determina- 
tion of the principal constftuents is reciuired, and to which the 
volumetric mode of examination is best suited, either alone or 
as a confirmatory test, reference has been made to these pages, 
in which is stated the quantity of the volumetric teal-solution 
requisite to produce, with a definite weight of the substance 
under examination, corresponding to its molecular weight, the 
exact reactioit indicative of its officinal strength. 
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Volumetric determinations are principally based, either 

' upon Saturati/m, in which the qaantity of a base or an 

cid is measured by the quantity of acid or base which is 

I necessary to convert it into a neutral salt; or, open Oxi- 

I datum and Jieductum, in which the quantity of the substance 

to be determined is fonnd by the quantity of chlorine, iiidine, 

or oxygen, to which it is equivalent as an oxidant, or which it 

requires to pass from a lower to a higher stage of oxidation : 

or, npon Precipitation, in which case the quantity of the snb- 




» stance to be determined ie derived from that of the reatcent 
required to separate it in an insoluble state. 

The qnantities of the substances to be assayed voliimetri- 
' enlly are submitted to examination by weight, generally coin- 
► eident witli their molecnlar weight, and are expressed either in 
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graiDB, or, as ia now generally preferred, in gramniea ; * 
of the teat-eoluUoos hy measure in cubic centimetre3.t 




tia 1 



F». 1 



• One jjnmme la otjml to lO.^S^O pvBK of Troy.^ddbt 

Although in this •rork. u previouslv ntentiotied, the time-honored ipothBcarr'a 
Wright hu bwn employed, for tU ntitemeatB of q<untiiit« b; weight, ■« nill beioK 
bi Kraeral lue In phamncflulicil pnclli^e Id the t'nll«il Suics. Great Britabi; uid 
[t« colonlet, jDt ihp metric B^giem at w«ghts aiul roeaaures has been prereired for 
rolumetric aoaljsu for the abore reaKOD, and becaaie the inftrumenu for Toliune- 
trie analjaU are generatlj eooitrucled viih metilc diTisioafl. It is 
'ibvioua, howerer, that (rrain weif^hti and rorre^ponding proportions 
of tDeamm can readilr be employed intitead of metric unitn. 

t A cubic CPDtimctro IFIg, 14) la the volume occupied by one 
erammeofdii'tillcil lateral lis point orftrcateBtdensily,*' C; metric 
measureiDenU. howerer, arc uairornilj taken at IB'.SS C. (60* F.). 
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The appftratDB required for volametric aDaljaia consists, be- 
sides the common ntensils, as beakers, fnnnele, porcelain-cap- 
sules, crucibles, etirring-rods, balances, etc., of one or several 





litre-flaska for the preparation of the test-solntions (Fig. 15); 
these, when filled to a mark on the neck, have mostly a capa- 
city of 1,000 cubic centimetres (1 litre) of distilled water; 
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some cylindrical graduated litre-jarB (Figs. IC and IT), divided 
into 100 or 1,0(K» centimetre-parta, and used for tbe preparation 
of teet-BoIntioiis as well aa for the admixture of paris of a litre ; 
and one or i^everal graduated tubes for the delivery and meaBore- 



Fm.SD. 




mentof the testsolutions; pipettea and burettes. The former ' 
are provided either with a eingle mark upon the narrow neck, 
or are graduated into a number of cubic- centimetres or parts 
thereof. In using pipettes, they are filled by sucking and then 
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closed above with the forefinger of the right hand (Fig. 18); 
the delivery ia effected hy a more or less gentle displacement of 
the finger. Burettes are preferable for delivery and measnre- 
ment, and are now most generally employed ; they hold tx) a 
certain mark 100 or less 
cubic centimetres, and are 
divided into a correspond- 
iag nnmber of eqnal parts. 

There are three kinds of 
bnrettes in use, which differ 
mainly in their construction 
for deliverj- : Gay Lnssac's 
bnrette, Geisler's burette, 
and Mohr's bnrette. 

Of these, Mohr's borette 
is now in general use ; it 
consists of a graduated glass 
tube, of about half an inch 
inside width, and about 30 
inches in length ; to its con- 
tracted lower extremity ia 
fitted (Fig. 22) a small piece 
ofcaontclioHG tube; into the 
other end of which a small 
piece of narrow glass tube, 
about 1 inch long, is tight- 
ly inserted. A strong wire 
clamp (Fig. 23) closes the 
rubber tube so tlint the fluid 
can only pass through, ei- 
ther in a stream or drop by 
drop, when the knobs of the 
clamp are pressed. Since 
the correctness of the test depends upon the accurate read- 
ing of the height of the test-solution in the burette, a small 
hollow glass float is employed for this purpose (Fig. iJ4) ; it ia' 
of such a width that it can move freely in the tnhe without 
undue friction, and of such a weight that it sinks to more 
than half its length into the test-liqnid. A line is scratched 
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around the centre of the float, serving to mark the height 
of the fluid in the burette. 

Burettes are conveniently kept for ready nse on a revolving 
Btative (Fig. 25). 

The tests are made by first tilling tlie burette with the test- 
solution to exactly such height that the mark on the float is 
coincident with the on the scale of the tube. The eolu- 
tion or mixture to be tested is placed in a heaker-glasB under 
the burette (Fig. 21), and then so much of the te&t-sulntion is 
gradually and carefully delivered into the beaker, with gen- 




tle stirring with a glass rod, as to accomplish 
the reaction indicative of the completion of 
the operation. 

A smaller number of cubic centimetres of 
the test-BoIution than 100, and a correspond- 
ing amount of substance to be tested, may be 
employed in any case, and the calenlation 
made accordingly. In this case smaller and 
more convenient burettes, holding only 50 c. ' 
ployed. 




, may be em- 



AHAliTStS BT SATURATIOir. 
ESTIMATION OF ALKALIES. 

Teat- Solution of Oxalic Acid. 

Sixty-three grammes of pure crystallized oxalic acid are diB- J 
solved in water; the solution is filtered into a litre-flask, and f 
the filter washed with water until the e.vact volume of 1 litre, 1 
at about 16° C, is obtained. 

One hundred cubic centimetres of this solution contain on* 
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twentieth of the raoleciilar weight, in grammes, of oxalic acid, 
and are, therefore, capable of neutraliziiij^ one-twentieth of the 




molecular weight in grammes of bivalent basee, or ealte con- 
taining 2 atoms of univalent metals, or one-tenth of the molec- 
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nlar weight in grammes of salts containing one atom of nniva- 
lent bases. 

This test-solution is applied for the estimation of the alkaline 
hydrates, carbonates, acetates, tartrates, citrates, and borates : 
100 cubic centimetres of the solution will exactly neutralize, 
if of officinal strength : 

5.61 grammes of Potassii HjdraA (2 oz. aq.). 
4.00 . " Sodii Hydras (2 oz. aq.). 

96.00 " Liquor Potassse, spec, grav., 1.065. 

6.54 *^ Aqaa Ammonia) fortior, U. S. P., 

spec, gray., 0.900 (2 oz. aq.). 

17.00 " Aqaa Ammoni®, U. S. P., spec, grav., 

0.960 (1 oz. aq.). 

6.91 " Potassii Carbonas piira (2 oz. aq.). 

8.80 *^ Potassii Carbonas dcpurata (2 oz. aq.). 

14.80 '* Sodii Carbonas crystallisata (2 oz. aq.). 

5.90 " Ammonii Carbonas (2 oz. aq.). 

10.01 *' Potassii Bicarbonas crystallisata (8 oz. aq.). 
8.40 ** Sodii Bicarbonas (4 oz. aq.). 

19.10 " Sodii Biboras (8 oz. aq.). 

11.80 " Potassii Tartras (3 oz. aq.). 

18.80 " Potassii Bitartras (8 oz. aq.). 

14.10 ** Potassii et Sodii Tartras (3 oz. aq.). 

13.60 *^ Sodii Acetas crystallisata (3 oz. aq.). 

11.60 ** Potassii Acetas (2 oz. aq.). 

Tlie operation is conducted by weighing the above quantity 
of the substance, or the preparation to be estimated, placing it 
in a beaker, and, when required, diluting or dissolving it in 
the quantity of water stated in parentheses for each member 
of the above list. The tartrates and acetates have first to be 
completely reduced to carbonates, by ignition in a small cov- 
ered porcelain crucible. When the solution is ready for the 
test, one or a few drops of litmus-solution are added, so as to im- 
part to it a distinct bluish tint ; then the beaker is placed under 
the burette containing the test-solution (Fig. 26), and, with 
constant gentle stirring with a small glass rod, the test-solu- 
tion is delivered into the beaker, first in a stream, and, when ap- 
proaching the point of saturation, drop by drop, until the blue 
assumes a violet hue; the solutions of carbonates have to be 
heated before approaching saturation, in order to expel the 
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carbonic-acid gas from the 
Bolntion ae oearly as poseible, 
and thereby to Igbscii its reac- 
tion Dpon litmus. 

These operatioiiB reqnire 
care and skill in every point, 
so as to avoid the sligliteet loss 
of either of the liqnids, and 
a consequent error in the re- 
sult. 

When saturation is indi- 
cated bj the violet-reddieh 
color of the liquid, the pro- 
cess IB complete, and the vol- 
nme of test-acid employed is 
read off. The number of cu- 
bic centimetres employed, less 
than 100, indicates at once 
the percentage of impurities 
or of want of strength. 

On the other hand, each 
cubic centimetre of the teat-so- 
lution employed corresponds 
to one milligramme-molecule 
of hydrate or one-half milli- 
gramme-molecule of carbon- 
ate, i. e. : 



1 cubic centimetre correaponds to 0.060 grBmrae Potasaii Hydrafs 
1 " " 0.069 " Fota^sii Carbonas, 

1 " " 0.040 " Sodii Wydras, 

1 " " 0.063 " Sodii Carbonas 

■ (aDhjdroQfl), 




and a simple equation gives the amount of allcalino hydrate or 
carbonate present. By operating on 100 times the half-milli- 
gramme-molecule, i. c, 6.9 grammes of potaBsium carbonate or 
5.3 grammes ot Eodium carbonate, all calculation ia dispensed 
with ; for, as this amount, if present, would require 100 cubic 
centimetres of oxalic-acid test-solution for its saturation, the 
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nnmber of cubic centimetres actually required, at once indi-l 
catee the percentage of alkaline carbonate. 

Wlien, in estimating alkaline carbonates, the amonnt of I 
carbonic acid, namely, the percentage of real carbonate, has I 
to be determined, the following mode is eimple and accurate; \ 
Two email, light glass flasks with twice-perforated rubber- i 
corkg, are connected with a twice-bent tube c (Fig, 27); the 
flask A is provided with the tube a reacliing to the bottom of tbe 
flask, and cloeed at its outer end 
with a globule of soft wax ; that | 
of B is provided witli the short I 
tube d. Fifty grains of the cap*-J 
bonate nnder examination araJ 
weighed, and introduced into the I 
flask A, together with a little wa- I 
tcr ; the flask B is half fllled with 1 
coucentrated eulphnric acid; the I 
apparatus is then tightly titted, ] 
and weighed. A small quantity! 
j^ jj of air is now sucked out of flask B 1 

by Tneans of the tube d, whereby J 
the air in A is likewise rarefied. On allowing the air to return, a 1 
quantity of the sulphuric acid ascends to the tube c, and flows ' 
over into flask A, causing a disengagement of carbonic-acid 
gae, which escapes through the tube d, after liaviug been dried 
by passing through the acid in B. This operation is repeated 
antil the whole of the carbonate is decomposed, and the pro- 
cess is terminated by opening the wax stopper, and drawing f 
some air through the apparatus by sucking on tube d. The 1 
apparatus is tlien reweighed, and the difference of the two 1 
weighings expresses the quantity of carbonic acid in the 50 | 
grains of carbonate nnder examination. 

EffTDUTlOV OF AOIDS. 

Test-Solutitm of Sodium II>jdrai£. 
One hundred cubic centimetres of the test-solution of oxalie ] 
acid are placed in a beaker with a little neutral litmus-solution, 
tiie measure rinsed out, and the washings poured into the beak< 
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er. Then a strong solution of sodium hydrate is allowed to 
flow into the oxalic-acid solution until exact neutralization en- 
sues ; the quantity of the soda-solution is noted, and, to every 
similar quantity of the whole bulk of the sodium-hydrate solu- 
tion, water is added until the whole measures 100 volume-parts. 
If, for instance, 93 cubic centimetres of soda-solution have 
neutralized the 100 cubic centimetres of acid, then, 7 cubic 
centimetres of water must be added to 93 cubic centimetres of 
the soda-solution, or 70 to 930 to make a litre. Simple * pro- 
portion will show to what extent any other quantity is to be 
diluted. 

One hundred cubic centimetres of this test-solution of so- 
dium hydrate contain one-tenth of the molecular weight (= 4) 
of sodium hydrate taken in grammes, and will neutralize an 
equal quantity of an acid. 

This test-solution is employed for the estimation of the fol- 
lowing medicinal acids : 

One hundred cubic centimetres of the solution will neutral-' 
ize, if of officinal strength : 

16.70 grammos of Acidum aceticum, U. S. P., spec, grav., 1.047. 



140.58 

7.00 

11.48 



47.77 

9.00 
54.83 

5.06 
87.18 



i 



( 



AciOum aoeticam dilutum, U. S. P., 1.006. 

Acidum citricum. 

Acidum hydrochlorioum, U. S. P., Spec, gray., 

1.160. 
Acidum hydrochloricum dilutum, U. S. P., Spec 

grav., 1.038. 
Acidum nitricum, U. S. P., Spec, grav., 1.420. 
Acidum nitricum dilutum, U. S. P., Spec, grav., 

1.068. 
Acidum sulphuricam, U. S. P., Spec, grav., 1.843. 
Acidum sulphuricum dilutum, U. S. P., spec, grav., 

1.082. 
7.50 '^ Acidum tartaricom. 



( 



( 



The concentrated acids are to be diluted with four or five 
times their volume of water, and the solid ones to be dissolved 
in about eight times their weight of water before being tested. 
To indicate saturation, and the consequent termination of the 
test, litmus-solution is used, as before ; and the mode of opera- 
tion is similar to that described on page 58. The number of 
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cubic centimetres employed for saturation, less than 100, indi- 
cates at once tlie percentage of imparities or want of strength. 



AHAI.TSIS BY PBEOIPITATIOV. 

ESTIMATION OF ACIDULOUS RADICALS PRECIPITATED BY ARGENTIO 

NITRATE. 

Test-^Sclution of Argentic Nitrate, 

Seventeen grammes of pure crystallized argentic nitrate are 
dissolved in water; the solution is filtered into a litre-fiaslc, and 
the filter washed with so niucli water as to make up the exact 
volume of one litre. 

One hundred cubic centimetres of this solution contain one 
one-hundredth of the molecular weight, in grammes, of argentic 
nitrate, and will decompose an equivalent quantity of a salt of 
any base which yields silver compounds insoluble in water. 

This test-solution is employed for the estimation of the fol- 
lowing officinal preparations, and 100 cubic centimetres of it 
will require, for complete decomposition of the argentic nitrate : 

27.00 grammes of Acidnm hydrocyanicum dilutum, U. S. P. 
1.19 *' Potassii Bromidum. 

1.G6 *^ Potassii lodidum. 

1.50 <' Sodii lodidum. 

In testing hydrocyanic acid, it is, before delivering the test- 
solution into it, slightly over-saturated with a solution of ]>ota&- 
sium hydrate. The test-solution is then added, until, after con- 
stant stirring, a slight permanent turbidity remains. The 
quantity of argentic nitrate employed represents exactly half 
the amount of hydrocyanic acid present, and has therefore to 
be doubled in order to indicate the correct percentage. 

The bromides and iodides are dissolved in one ounce of 
water, and the test-solution is added until, after agitation of 
the liquid and subsidence of the precipitate, a drop of the test- 
solution ceases to cause further precipitation. The quantity of 
argentic nitrate employed represents an equivalent amount of 
the bromide or iodide. 
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AHALTSIS BT OXIDATION. 

Teat-Solution of Iodine. 

12.7 grammes of pure iodine, and 18 grammes of potassium 
iodide, are dissolved in about 12 ounces of water ; the solution 
is filtered into a litre-flask, and the filter washed with so much 
water as to make up the volume of one litre. 

One hundred cubic centimetres of this solution contain one 
one-hundredth of the atomic weight of free iodine in grammes, 
and, if water be present, will cause the oxidation of one two-hun- 
dredth of the molecular weight of arsenious acid in grammes, or 
one four-hundredth of the molecular weight of common white 
arsenic in grammes, arsenic acid being produced. 

One hundred cubic centimetres of this test-solution require 
for oxidation of the following officinal preparations : 

0.495 grammeB of Acidnm Arseniosam. 
68.80 " Liquor Potassii Arsenitis, U. S. P. 

2.48 " Sodii Hyposulphis. 

The arsenious acid is dissolved, together with about 2 
grammes of sodium bicarbonate, in 2 ounces of boiling water; 
when cool, a little mucilage of starch is added, and the test- 
soiution delivered into the arsem'ous solution until a permanent 
blue coloration ensues. 

The Liquor Potassii arsenitis is boiled, after adding about 
1^ grammes of sodium bicarbonate, and, when cool, is tested in 
like manner. 

The Sodium hyposulphite is dissolved in 2 ounces of water, 
and a little mucilage of starch added. 

AKALTSIS BT DEOXIDATION. 

Test-Solution of Sodium Hyposulphite. 

Thirty grammes of sodium hyposulphite are dissolved in 
nearly one litre of water ; the solution is allowed to flow from 
a burette into a beaker containing exactly 100 cubic centi- 
metres of the volumetric solution of iodine, until the brown 
color of the iodine just ceases— or, if a little mucilage of starch 
be added, until the blue iodide of starch is decolorized. The 
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number of cubic centimetres of the solution required is noted, 
and so much water is added to the bulk of the solution, that 
2.48 grammes of sodium hyposulphite are contained in every 
100 cubic centimetres. 

This test-solution contains one one-hundredth of the molecu- 
lar weight of sodium hyposulphite in grammes, and will indi- 
cate the presence of one one-hundredth of the atomic weight 
of iodine in grammes, in any quantity of a liquid containing 
free iodine, or iodine liberated by an equivalent quantity of 
free chlorine. 

100 cubic centimetres of this solution require for exact 
deoxidation : 

1.27 grammes of lodinam. 

6.42 fluid-drachms of Tinctura lodini, U. S. P. 

54-58 grammes of Aqua Chlorini. 

1.17 " Calx Ohlorinata. 

The iodine is dissolved in about 8 ounces of water, together 
with 1.5 grammes of potassium iodide ; the test-solution is 
added until the brown color just disappears; or the solution is 
blued with a trace of mucilage of starch, and the test-solution 
added until the blue color disappears. 

The chlorine-water is mixed with an equal bulk of water in 
which about 1^ grammes of potassium iodide have been dis- 
solved. Mucilage of starch is also employed to indicate the 
termination of the test. 

The chlorinated lime is mixed with about 3 ounces of water, 
in which 3J^ grammes of potassium iodide Iiave been dissolved ; 
the mixture is subsequently acidulated with dilute hydrochloric 
acid, and a little mucilage of starch is added before delivering 
the test-solution into it, which is done until the blue color just 
ceases. 



PART SECOND. 



THE MEDICINAL CHEMICALS 



AND THEIB PEEFA&ATI0N8, 



THEIB FHTSICAL AND CHEMICAL CHABACTEBISTICS. 



WITB OIBBCnOHS JOB TBI 



EXAMINATION OF THEIE QUALITY AND PURITY. 



THB 



MEDICINAL CHEMICALS 



AND THEIR PREPARATIONS. 



Vinegar. 

ViNEGAB contains, on tlie average, from 4)- to 6 per cent, 
of mono-hydrated acetic acid ; when of this strength, one fluid- 
ounce requires for saturation not less than 35 grains of crystal- 
lized potassium bicarbonate ; and 50 cubic centimetres of the 
volumetric test-solution of sodium hydrate will saturate 70.29 
grammes of vinegar, corresponding to 5 per cent, of anhydrous 
acetic acid. 

Ezamination : 

Mineral acids are indicated when about half an ounce of 
the vinegar is thoroughly mixed and boiled for five minutes 
with half a grain of starch ; when cool, one drop of solution of 
iodinized potassium iodide is added ; if any free mineral acid 
be present, it acts on the starch, transforming it into glucose, 
and consequently prevents the formation of blue iodine-starch. 

Sfdphurio and hydrochlaric acids. A crude mode of detect- 
ing the presence of sulphuric acid in vinegar consists in evapo- 
rating, by a gentle heat, a small portion of it after the addition 
of a few grains of cane-sugar, in a porcelain capsule, to the con- 
sistence of a thick syrup ; this will become almost black, if free 
Bulphnric acid be present. 

Since the water and the materials used for the preparation 
of vin^ar generally contain traces of sulphates and chlorides, 
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most vinegar yields a sliglit turbidity with barium and argentic 
nitrates. In order to ascertain the presence of either of these 
acids in a free state, about half an ounce of the vinegar la dis- 
tilled from a Bmall flask, the recipient being cooled in ic&-water 




(Fig. 28) ; when about one draclim of distillate has heen oB- 
tained, this is preserved for examination for aldehyde ; another 
receiver isapplied, and the distillation continued until almost the 
entire fluid has distilled over and the scanty residue commences 
to become dry and dark. The distillate is then acidulated with 
a few drops of nitric acid, and tested with barium nitrate for 
sulphuric acid, and with argentic nitrate for hydrochloric acid. 

The presence of sulphuric acid may also be detected, or 
verified, by reducing about one ounce of the vinegar by evapo- 
ration, in a porcelain capsule, upon a water-bath, to the con- 
aistence of a thick syrup, which, when cool, is thoroughly mixed 
with about halt' a fluidounce of strong alcohol, and allowed 
to stand in a corked test-tube, with occasional agitation, for 
about an hour ; the filtrate is then mixed with about half an 
ounce of distilled water, is acidulated with a few drops of diluted 
nitric acid, and tested with a few drops of solution of barium 
nitrate ; an ensuing white precipitate, not disappearing on diln- 
tioD with water, proves the presence of sulphuric acid. 

Sulpkvrffus acids and mdpkiies may he detected hy a green- 
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ifih coloration of the vinegar, when about two drachms of it are 
warmed with one drop of solution of potassium bichromate. 

Nitric acid may be detected by adding one drop of neutral 
indigo solution to about half an ounce of the vinegar in a test- 
tube, and warming the mixture by dipping the tube into hot 
water ; a discoloration of the bluish or bluish-greenish tint of 
the liquid will indicate free nitric acid ; when the color remains, 
one or two drops of concentrated sulphuric add are added while 
warm ; if discoloration takes place now, nitrates are indicated. 

Metallic impurities are detected by saturating the vinegar 
with hydrosulphuric-acid gas, and allowing the fluid to stand' 
for a few hours ; an ensuing white turbidity would indicate tin 
or sulphurous acid ; a dark one lead and copper, which may be 
discriminated by collecting and washing the precipitate, ob- 
tained by a repetition of the test on a larger scale, upon a filter, 
and dissolving it in nitric acid ; the solution is examined in 
two portions, the one by over-saturation with ammonium hy- 
drate, the other by addition of one or two drops of diluted sul- 
phuric acid ; a blue coloration in the first instance indicates 
copper^ a white precipitate, in the second one, lead. 

Aldehyde may be detected in the first portion of the distil- 
late obtained and preserved in the second test ; it must be void 
of alcoholic odor or taste, and must not become yellow or brown, 
when mixed and warmed with an equal bulk of strong solution 
of potassium hydrate ; such coloration would indicate aldehyde. 

Acrid vegetahle svhstancea are detected by saturating a por- 
tion of the vinegar with magnesium carbonate, and by subse- 
quent evaporation of the filtrate, at a gentle heat, to about one- 
third of its volume. Acrid vegetable substances may then be 
recognized by their odor and taste. 



AOIDIJM AOETIOUIC. 
Acetic Acid. 



Acetic-acid hydrate, or monohydrated acetic acid, contains 
one molecule (15 per cent.) of water, and forms, below 15® C, 
large, colorless, transparent crystals (glacial acetic acid), which. 
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above 16 to 1S° C, fuse to a thin, colorless liquid of a pungent 
odor and strong acid reaction, having a spec. grav. of 1.063 ; it 
boils at 120° (?,, jielding very pungent and acid inflammahla 
vapors. Acetic acid hydrate is iniscible in all proportions with 
water, alcohol, and ether, and disaolves albumen, libriii, cam- 
phor, and many resins, gura-resins, and essential oils; diluted 
with water, it forms the commercial and medicinal acetic 
acids, which maintain the character of acetic acid as long aa 
the admixture of water does not exceed 18 to 19 per cent., 
beyond which dilution the acid loses more or less the charao- 
ter of a strong acid, and its solvent properties for the abov^ 
mentioned substances. 

Acetic acid is recognized, either free or combined, by yield- 
ding a deep-red color with solutions of ferric salts, and, when 
not too much diluted, by the odor of acetic ether, when heated 
with a mixture of equal parts of alcohol and concentrated sul- 
phuric acid. 

Two strengths of acetic acid are officinal: Acidnm Acetioum 
of the spec. grav. on.{>4T (l.Oil British Pharmac, 1.064 Pharm. 
German.), and Acidum Aceticiim diliitum of the spec, fprav. of 
1.006 (1.040 Pharmac. German.). The strong acid of 1.047 
spec. grav. contains 28 per cent, of anhydrous, or 36 per cent, 
of monobydrated, acetic acid, and 100 parts of it require 60 
parts of crystallized potassium carbonate for saturation ; the 
diluted acid of 1.006 spec. grav. contains 3.63 per cent, of an- 
hydrous acid, and 100 parts of it saturate 7.6 parts of crj-stal- 
lized potassium bicarbonate. 

The strength of aqueous acetic acid cannot be correctly in- 
ferred from its specific gravity, since its density is increased to 
a certain extent by contraction, the spec. grav. of 1.0735 being 
the maximum density, below which it again decreases; for 
instance : a mixture of one molecule of monobydrated acetic 
acid with three molecules of water has the same specific gravity 
as a mixture of one molecule of the acid with nine molecules 
of water, namely, 1.0686. The strength of acetic acid may be 
determined by observing the exact quantity of crystallized 
potassium bicarbonate required to saturate a known weight of 
the acid, and by subsequent equation ; or by treating a known 
weight of the acid with an excess of barium carbonate, and by 
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calcalating its strength from the amount of carbonate decom- 
posed, which is ascertained by deducting the weight of the 
remaining undissolved carbonate from the total amount used, 
and by dividing the remainder by 1.933 ; the quotient indicates 
at once the quantity of monohydrated acetic acid contained in 
that quantity of the acid. 

The readiest mode of ascertaining the strength of acetic 
acid, is the volumetric estimation with test-solution of sodium 
hydrate (page 60). Sixty parts by weight (the molecular weight) 
of anhydrous acetic acid require for exact saturation 40 parts 
(the molecular weight) of sodium hydrate ; since 1,000 cubic 
centimetres of the test-solution contain 40 grammes of sodium 
hydrate, these saturate exactly 60 grammes of anhydrous acetic 
acid. Upon this equation the calculation for the strength of 
acetic acid may be based: for instance, an acid, of wliich 182.0 
grammes saturate 1,000 cubic centimetres of test-solution, con- 
tains 33 per cent, of anhydrous acid ; an acid, liowever, of 
which the same quantity is saturated by 930 cubic centimetres 
of the test-solution, contains, therefore, only 30.7 per cent, of 
anhydrous acid. 

In order to secure accurate results in the volumetric estima- 
tion of acetic acid, alkanet-tinctufe is preferably used as the 
indicator of saturation, since the alkaline acetates, though neu- 
tral in combination, have an alkaline reaction on litmus. 

Examination: 

Empyreuma betrays itself by its odor ; small traces, how- 
ever, may be recognized by neutralizing a little of the acid with 
Liquor Potassse, and by tingeing it subsequently faintly with 
potassium permanganate, and by gently heating it. 

Sulphuric and hydrochloric acid may be detected by test- 
ing separate portions of the diluted acid with barium nitrate 
for the former, and with argentic nitrate for the latter. 

Sulphurovs acid is indicated by a greenish coloration, when 
a little of the acid is heated with a few drops of solution of 
potassium bichromate ; it may also be recognized when a mix- 
ture of about one drachm of the acid with two drachms of 
diluted hydrochloric acid and two drachms of water, is poured 
upon a little pure granular zinc in a large test-tube, and the 
mouth of the tube is at once loosely closed with a bunch of 



"^ MANUAL OF CHEMICAL ANALYSIS 

cotton moistened with solution of plumbic acetate (Fig. 28); 
if sulphurous neid be present, the plumbic Bolution will become 
ilnrk, or black. 

Nitric acid may be detected by discoloration when a littlsJ 
of the acid is tinged slightly bine with one drop, or part of n 
drop, of neutral indigo-solution and heated. 




MddUio impurities are detected by mixing the acid wiii 
about two or three times its bulk of hydrosulphuric acid, or. 
when diluted acid is under examination, by saturating it with 
hydroBulph uric-acid gas, and allowing the liquid to 
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in a corked tost-tnbe in a warm place for several hours ; an en- 
sning white precipitate would indicate tin or zinc (if no sul- 
phurous acid be present, which also causes a white turbidity 
with the reagent), a black one lead or copper / in the latter case, 
the precipitate may be collected and washed upon a filter, and 
then dissolved in a few drops of warm, strong nitric acid, and then 
diluted with a few drdps of water; this solution is tested in two 
separate portions, the one by over-saturation with ammonium 
hydrate, the other with one drop of dilute solution of sodium 
sulphate ; a blue coloration in the first test would indicate cop* 
per^ and a white precipitate, in the second one, lead. 



AOIDXrU AKSENIOSTTK. 
ACIDUM ARSENICOSUM. ARSENICUM ALBUM, 
Arseniovi Acid, White Anenie, 

Arsenious acid occurs in two polymeric crystalline forms, 
and in the amorphous state ; the latter one being the commer- 
cial white arsenic. When freshly prepared, it forms heavy, 
transparent, glassy cakes, with smooth conchoidal fracture, and 
has a spec. grav. of 3.738 ; this becomes gradually opaque and 
porcelain -like by passing into the crystalline state, wliich 
change proceeds from the surface toward the inside ; at the 
same time its density is slightly diminished (3.689), and its 
solubility in water increased. In consequence of the simulta- 
neous occurrence of the amorphous and the crystalline modifi- 
cations, and the difference in their solubility, the statements of 
the solubility of arsenious acid in water are slightly at variance. 
The amorphous glassy, and the commercial powdered, acid is 
soluble in 10 to 12 parts of boiling, and 30 parts of cold, water; 
it is almost insoluble in alcohol and insoluble in ether, but 
freely soluble in the alkaline hydrates and in warm diluted 
acids, especially in hydrochloric and tartaric acids, from which 
latter solutions it deposits, on cooling, in small transparent 
octahedral crystals. 

Arsenious acid volatilizes at about 218® C. without fusion, 
forming a colorless, inodorous vapor which solidifies, on cool- 
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ing, in Btnall tmnsparent and brilliant octahedrons; but wheal 
heated, in contact with reducing-agenta, such as potossinniJ 
cyanide, oi^nic substances, and carbon, the acid is reduced to] 
metallic arsenic, which sublimes and deposits in a brilliant me- 
tallic crust when tiie reduction is carried on iu a glass tube 
(Fig. 30), emitting, at the same time, a peculiar and character- 
istic odor, somewhat similar to garlic, 




The aqueous solution of arscnious acid has a feeble acid r»-| 
action on litmus ; it yields a white precipitate with lime-water, i 
a yellow one with hydrosulphnric acid, soluble in atjna ammcvfl 
nite; argentic nitrate and cupric sulphate produce "only a tur»f 
bidity in eolutidns of araenious acid ; upon the addition of aad 
alkali, however, a yellow precipitate is formed with the former I 
reagent, and a brilliant green one with the latter, both preciju- J 
tales being soluble in excess of ammonia, and the argentic onei 
also in nitric acid. 

Solution of arsenioiis acid, when mixed with either hydro- 1 
chloric or sulphuric acid, and the mixture allowed to act on ' 
metallic zinc or magnesium, gives rise to the formation of hy- 
drogen arsenide simultaneously with the formation of hydrogen I 
Bulphtde, which has an alliaceons odor, and burns with a bluish- ! 
white flame, depositing a brilliant black spot on cold surfacM^'J 
held in the jet (Marsh's test). When solution of araemoiw'4 
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acid is mixed with an excess of concentrated liydrochloric acid, 
and a piece of bright copper-foil immersed and boiled, it depos- 
its the reduced arsenic upon the copper, coating it with a dark- 
gray metallic film {ReinscVs test) ; when the same test is made, 
taking tin-foil (real), or stannous chloride, instead of copper, 
the tin becomes equally coated with arsenic, and, at the same 
time, a voluminous brown deposit is formed {Bettendorf^s 
test). 

Examination of Powdered White Arsenic : 

Mineral admixtures are recognized and left behind when a 
little of the white arsenic is either volatilized at a red heat, or 
dissolved in an excess of boiling liquor potasssB or hydrochloric 
acid. When an insoluble residue is left from either of these 
solutions, it is washed, and, when dry, is mixed and fused in a 
porcelain crucible with four times its weight of a mixture of 
equal pai'ts of exsiccated carbonates of sodium and potassium ; 
the obtained fused mass is triturated and boiled with a suffi- 
cient quantity of water, and the filtered solution tested with 
barium nitrate for sulphates (calcium and barium sulphates). 
The residue on the filter is washed and treated with warm di- 
luted hydrochloric acid, and the filtrate subsequently tested 
with sodium sulphate for hariurriy and, in another portion, 
nearly neutralized with aqua ammonise, with ammonium oxa- 
late for calcium^. 

One hundred grains of arsenious acid, when dissolved in 
boiling diluted hydrochloric acid, yield, upon complete precipi- 
tation with hydrosulphuric acid, a precipitate of arsenious sul- 
phide, which, when collected upon a tared filter, washed, and 
dried, should weigh 124 grains. 



A0XDT7X BXNZ0ZCT7X. 

ACmUM BENZOICUM SUBLIMATUM. FLORES BEKZOES. 

Bentoie Acid. 

Colorless, soft, feathery needles, of a silky lustre, inodorous 
when cold and pure, but of a faint smell when gently warmed. 
The agreeable aromatic odor of the officinal benzoic acid is due 
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to tract« of essential oil. When derived from solutionB, 
zoie acid forma colorless, pearly needles or laminie of aix-sidi 
prisms. When warmed, the acid begins to volatilize beloi 
100° 0. ; melts at ]31° C, forming a colorless liquid, which, oa 
cooling, solidifies ; at 145" C. it evaporates freely, and at near 
2i0° C. it boils, without decomposition, emitting an acrid, irri- 
tating vapor, which readily inflames, burning away without 
residue. 

Benzoic acid is soluble in about 200 parts of cold, and 25 
parts of boiling, water, in 10 parts of glycerin, and freely iu 
alcohol, ether, oil of turpentine, and many essential and fatty 
oils, and also in solutions of the alkaline hydrates. Concen- 
trated nitric and sulphuric acids dissolve benzoic acid more or 
less without decomposition ; on addition of water it is precipi- 
tated unaltered. A concentrated solution of benzoic acid in 
aqua ammonite, in which the ammonium hydrate is nearly 
neutralized, gives, on addition of a few drops of solution of a 
ferric salt, a copious reddish-yellow precipitate of ferric ben- 
zoatc, which, on addition of hydrochloric acid, disappears, 
while the benzoic acid is precipitated, redit>soIving on addition 
of ether or alcohol. 

Eraminatica : 

Ilippuric acid, as is well known, is resolved by the actioa 
of hydrochloric acid, and other agents, into benzoic acid and 
glycocine, and much benzoic acid is obtained from this source. 
Such acid, however, differs in some of its chemical properties 
from the benzoic acid derived from the benzoic reain, especially 
in the degree of solubility of its salts in water and alcohol, and 
in its deportment with potassium permanganate; this differ- 
ence extends very likely also to their physiological ami thera- 
peutical action, and the acid derived from hippuric acid cannot 
yet be considered as admis.Mble for medicinal use. 

Hippuric acid may be distinguished from, or recognized in, 
lienzoic acid, Iiy heating in a test-tube a mixture of about 30 
grains of the acid with 50 grains of dry potassium hydrate, and 
about 50 drops of water ; if hippuric acid is present, it will be 
indicated by a faint odor <if ammonia, and by wJiite vapors 
with a glass rod moistened with acetic acid and held over tlia-| 
oritice of the test-tube, as well as by blackening a strip of an- 
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sized paper moistened with solution of mercurous nitrate, and 
held in the mouth of the test-tube. 

Hippuric acid, and the benzoic acid derived therefrom, 
may be distinguished from, or recognized in, true benzoic acid 
by agitating about 5 grains of the acid with 4 fluid-drachms of 
water, in a test-tube, and by adding so much solution of po- 
tassium permanganate as to tinge the mixture deep violet ; it 
is then heated to from 50® to 60° C, by dipping the tube into 
water of that temperature ; the violet color will remain for at 
least live minutes with true benzoic acid, while it will become 
distinctly red within that time with hippuric acid, or benzoic 
acid derived therefrom. 

An additional test may be made by tingeing a solution of 5 
grains of the acid, in 3 fluid-drachms of liquor potassse, deep vio- 
let with solution of potassium permanganate, and by boiling 
this solution for a few minutes ; the solution of true benzoic 
acid becomes green ; that of hippurio-benzoic acid, yellow, or 
even colorless, with the separation of brown manganic oxide. 

Cinnamomic acid may be detected by the odor of oil of 
bitter almonds, when a mixture of the acid with potassium bi- 
chromate and strong sulphuric acid, or of a concentrated aque- 
ous solution of the acid, is heated with potassium permangan- 
ate. 

Sugar is indicated by the odor of caramel, and by intumes- 
cence, when a few grains of the acid are gradually heated in an 
iron spoon. 

Mineral substances, not readily volatilizable or soluble in 
alcohol, may at once be detected by a residue left on volatiliza- 
tion, as well as upon solution of the acid in alcohol. If any 
fixed residue is left, it may be dissolved in warm water acidu- 
lated with nitric acid, and tested with barium nitrate for sul- 
phates, and with argentic nitrate for chlorides and phosphates. 

Boric acid may be recognized by the green coloration of 
the flame of burning alcohol, previously saturated with the 
acid. 



HANUAL OF CHEMICAL ANALYSIS. 



AdSUK BOBACIOUM. 



I (42.16 pe^^l 



ACiDUU BORICUU. 
Boraeie Atid. Borie Aeid. 

Colorless, translucent, pearly, eix-slded scales, 
unctuous t» the touch. They contain 3 molecules (42,16 per 
cent.) of water, two of which are water of crystallization ; when 
heated upon platiuum-foil, the latter is readily evaporated, while 
the other molecule does not part unless heated to rednees, when 
the anhydrous acid melte, forming a j^lassy, transparent fi 
which is a solvent for most metallic oxides, and which solidil 
to a tissiired glass on cooHng. 

Boracic acid is soluble in 26 parts of cold, and in 3 parts of 
boiling, water, which Bolution has but little taste and feeWy 
affects blue litmus-paper, while it renders turmeric-paper red- 
dish brown, quite different from the color produced by alkaliei^i 
and becoming more distinct after drying. The acid is alaoj 
Bolnhio in alcohol, and the solution bunis with a green-edged 
flame. 

Examinatioit : 

About 10 grains of the crystals of boric acid are added to 1 
drachm of water in a test-tube, and heated ; a clear and com- 
plete solution must take place, and, wlien part of the hot solu- 
tion is dropped into alcohol, no turbidity or precipitate must 
ensue; otherwise the presence of ad mi.'ttu res insoluble or lees 
soluble in water or alcohol is indicated. 

Cfilorid^a and sulphates are detected in the aqueous solu- 
tion acidulated with nitric acid, by argentic nitrate and barinm 
nitrate respectively. 



hen ^^ 
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AOtDUU CABBOUOUM. 

ACIDUK PHENTLICUM. 

Carbolie Acid, or Phtnylie Acid, PhenoL Phenic Aleehol. 

Pure carbolic acid forms, at temperatures below 41° C, 
rhomboidal needles or crystalline masses consieting of such; 
when not quite pure, they become frequently more or less red- 
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dish ; at temperatures above 41^ C.,pare carbolic acid forms an 
oily, colorless liquid, which boils at about 182° C. ; its spec, 
grav. is 1.060 to 1.065 ; it absorbs moisture on exposure to the 
air, and gradually deliquesces ; it dissolves about on^tenth of 
its weight of water, and then remains liquid far below its melt- 
ing-point. 

Pure carbolic acid dissolves to some extent in water,* and 
is freely miscible with alcohol, ether, chloroform, glycerin, acet- 
ic acid, and the volatile and fatty oils; its aqueous solution 
does not react upon test-paper, coagulates albumen and collo- 
dion, and assumes a violet-blue color upon the addition of a 
few drops of a dilute solution of neutral ferric chloride. 

Carbolic acid is miscible with concentrated sulphnric acid, 
with a slight evolution of heat, without apparent change; it 
yields a more or less violent reaction with concentrated nitric 
acid, and with chlorine and bromine ; it is also soluble in the 
alkaline hydrates, and combines with them, and with other 
salifiable bases, forming neutral salts, which, however, main- 
tain the alkaline reaction, and are decomposed by all acids. 

The pure commercial carbolic acid contains mostly a slight 
quantity of cresol, and perhaps of other homologous aromatic 
alcohols, which do not modify the principal properties of pure 
phenyl, except that they lower its melting-point, and apparently 
decrease its solubility in water, which may also be influenced 
with pure plienol by a slight quantity of water. 

Examination: 

The quality of carbolic acid is sufficiently recognized by the 
above characteristics, by its odor, and by its appearance ; in 
order to detect admixtures, the fused acid may be tested by 
mixing it with twice its volume of liquor potassse, and warming 
the mixture by immersing the test-tube in boiling water ; a 
complete solution should take place, which, when cold, should 
remain limpid, and not separate any oily liquid upon dilution 
with three times its bulk of water. 

* The United States Phannacopceia atates that carbolic acid is soluble in from 20 
to 83 parts of water, the parest being the most solable. The Pharmacopcea Ger- 
manica states the propoition of solubility as 1 part of the add to from 50 to 60 
parts of watar. 
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i|— dj at ■ hmaM mfptanoea. At a bemt between ISV « 
IM^ Ct tl^ B**^ *"**> * redfisMtnnni Hqcid, wliieh, oa eoct 
iig, fmw a led, opaqoe, ud biitlle nam. 

ClotMBieaeM »fredljfoIable is water and al«>bd,fiDnnii^ 
mM ffi- j tBam iotatkaa. It u a poverfnl "ri^Mn-g agent, aod 
JutyiuyiMM o^aaic lasttcn. 

When its aqoeoM acdotion it heated, after the addition of a 
few dropt of b/drochloric acid and a few drops o£ aknUA, the 
onog^ftA Dolor of the liquid beeones j<llow»h green, with 
the wolatwa of ethereal rapon. When dkaolred in an atjne- 
oSM tolatioQ of solpharooa acid, it 6tna» immedistelT a green 
flolatioo. 

Svlpkvne a^rid majr be detected b; bmling a dilnted eoIo- 
tion of the acid, to which a few drojK of brdrochloric acid and 
a little alcohol bare been added, QutH the liqaid appean green. 
Part of it itt then lested with barinni nitrate; an etuaing white 
prec i p i tate woold indicate Enlpbnric add. 

Pottunwn hichromqta may be detected ia the rest of the 
gneo solution, by evaporattDg it, in a porcelain capsule, nearly 
U> dtT'neM, and hjr BDbeeqnent solution of the residue in a few 
dropf of water ; the filtered solution is tested with Mdium bi- 
tartrate ; an ensuing white crystalline precipitate would indi- 
cate potaMiuni. 



AUIUUM CTTKICXJM. 

CilrieAeid, 
ColorleM rliomboidal prisms with dihedral eammits, perma- 
nent in tiie air, bat eligbtly eGBorescent in a dry and wann 
atmosphere, and becoming nioidt in a damp one. ExpL«e<1 to 
a ttrong heut, the acid fusee, and is wholly dissipated, with the 
evolution of cmpyreumatic vapotB. i 
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Citric acid dissolves in three-fourths of its weight of cold, 
and in half its weight of boiling, water, and is also soluble in 
alcohol, forming sour solutions of an acid reaction ; the aque- 
ous solution, when exposed to the air, is subject to gradual and 
spontaneous change ; it forms no precipitate with potassium 
salts (except the tartrates), and, when sparingly added to lime- 
water, so that the alkaline reaction still remains prevalent, 
it does not render it turbid (distinction from oxalic, tartaric, 
and racemic acids) ; when, however, the liquid is wanned and 
agitated, it becomes turbid, but transparent again upon cool- 
ing. 

Sixty grains of citric acid neutralize 70.41 grains of potas- 
sium carbonate, 85.71 grains of potassium bicarbonate, 120.24 
grains of crystallized sodium carbonate, 72 grains of sodium 
bicarbonate, and 40.92 grains of magnesium carbonate. 

Volumetric Estimationy see page 61. 

Examination : 

In order to obtain an average sample of the crystallized 
acid for examination, it is advisable to grind several ounces of 
the crystals, and to make from a small portion of the powder 
two solutions: an aqueous one, in the proportion of 1 part of 
the acid to 4 parts of water ; and an alcoholic one, in the pro- 
portion of 1 part of acid to 6 parts of alcohol. Botli the solu- 
tions should be complete and clear. 

Tartaric acid is detected as a granular white precipitate, 
when 2 fluid-parts of the aqueous solution and 1 fluid-part of 
the alcoholic solution are mixed together and agitated with 1 
fluid-part of a strong solution of potassium acetate. 

When many samples of the crystallized acid have to be 
examined, the following method is also applicable: 

A large glass pane is placed upon ultramarine-blue or dark- 
brown paper on an horizontal table or board ; a solution of 
potassium hydrate in diluted alcohol (15 grains of dry potas- 
sium hydrate in 6 drachms of distilled water and 2 drachms of 
strong alcohol) is then spread over the pane as thick as will re- 
main stationary upon it ; a number of crystals and fragments 
thereof are now placed a little apart from each other, the crys- 
tals of each sample separate. Instead of a glass pane, small 
plates may be employed. Agitation being carefully avoided; 

6 
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the eitric-Bcid erjsl&ls, aSier serenil miDntes* wMion of the tJk^ 
line solaticm, Appear clearer and more transparent ; if crreUls 
of tartaric acid be present, Ibej will be recogaized bj tlieir 
ctoodr and vhile appeanuice ; afto- two or three boon, the 
CfTctals of citric acid are nearlr or qnite diseolred, and to tiidr 
tttad t» freqaentlj left a email, delicate, dofit-Uke »pot (due to 
tracee of cAlcinm ealt^) ; if cnretaU of tartaric acid be present, 
tbe; will appear wbitUb, covered with a coat of enull tnuw- 
parent adcnlar cnrstals, and fiarrotuided br a deposit of small 
overlapping gronps of aimilar ciT&lalB, or a thht, tboogb broad, 
ciTstalline film (all cTTStak of potaaeiom bitartrate). 

Metaiiic impttrUiet mav be detected in tbe aqneoos eulntaoB, 
b^ a dark eolocatioo or tnrbiditj' witb b^roftolphuric acid ; if 
il be ao ooosidenibte as to form a deposit, tbi£ is collected and 
washed vfoa a filter, and then dissolved in a few dmps of warm 
nitric acid ; tbe obtained elation is divided into two portiona, 
one of which is examined by orer-saturation with aqaa amiDO- 
oie for eoppfr. which will be Indicated by a blue colontion, 
asd the other with one drop of diluted sulphuric actd for lead. 

Utilpititef may be detected in the dilated aqneoos eolotioii, 
to which a few drops of dilnted nitric add bare been added, 
hj a white precipitate with barinm nitrate. 



Adsinc oAUjcuit. 
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Small aeicnlar prisms or Eilky needles, or a crystalliDe 
der, nearly ooloriess, or of a pale fown^eolor. They contain S 
Bolecnles (9^ per cent,), of water of crystallization, wfaidi peas 
oS at aboat HXV C. ; at about 215° C., the acid is resolred, 
wHboat fiinng, into carbonic acid and pyrvigallic acid, which 
latter mblimes in small crystalline plates ; when eiposed to a 
Etron^ beat, with &ee access of air, jcallic add burns awajr 
without reeidne. 

Gallic acid u sohble in 100 parts of cold, and in 3 
boiling, water; it is also solnble in cold, and freely in boili 
akobol, bat leaa sotnble in ether and g1%-eerin. The aqi 
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bolution has an acidulons and astringent taste and an acid re- 
action, and is liable to spontaneous decomposition on exposure 
to the air ; it gives no precipitate with solutions of ferrous salts, 
if free from ferric salt, but it gives a bluish-black precipitate 
with solutions of ferric salts, the color of which disappears when 
the liquid is heated, from the deoxidation of the ferric to feiv 
rous salt, at the expense of the gallic acid. A solution of gallic 
acid, when dropped into lime-water, produces a white turbidity, 
which soon becomes blue, and passes through a greenish or 
violet tint to a purple color. The solution forms no precipitate 
with argentic nitrate, but reduces it to metallic silver, gradually 
at common temperature, at once when heated. 

Solutions of the alkaline hydrates, as well as concentrate^ 
sulphuric and nitric acid, when poured upon dry gallic acid, 
dissolve it, with a deep-red color. 

Examinatioii : 

Tannic acid may be detected by a white precipitate, when 
the solution of the acid is added to a dilute solution of gela- 
tin. 

Suga/r and dextrin remain behind upon solution of the acid 
in strong alcohol. 

Resinous admixtures will remain behind and separate on 
cooling, floating on the surface when a few grains of the acid 
are dissolved in boiling water. 



ACIDlTli: HYDBOGHXX>BICr01C 

ACIDUM MURIATICUM. 
Muriatie Acid, Hydrochloric Acid, 

CJoncentrated hydrochloric acid is a colorless fuming liquid, 
of a pungent and suflTocating odor and corrosive taste ; its spec, 
gravity depends upon the quantity of hydrogen chloride held 
in solution, and varies in the strong acid between 1.160 and 
1.120. corresponding to 32 and 24J per cent, of the anhydrous 
hydrochloric acid. The crude commercial acid has generally 
a spec. grav. of from 1.160 to 1.180, containing 32' to 85 per 
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ceiit. of the ^as and variom impuritieB, which impai't a yellow- 
isb color to the acid. 

Hydrochloric acid may further be recognized by the evolu- 
tion of clUorioe gas when heated in a teat-tube with black man- 
ganic dioxide, and, wlieii diluted, by a while curdy precipitate 
with argentic salts, which ia insoluble in acids, but soluble in 
ammonium hydrate and in potnasinm cyanide, and which be- 
comes black on ejqwsure to the solar light. 
Volumetric Estimation, see page 61. 
Examination ; 

J^ixfd impurities are recognized by a residue, upon evapora- 
tion of the acid in a platinum apoou or watch-glaaa. 

SulpAurio acid may be detected in the acid, after dilution 
with at least tive times its volume of water, by a white precipi- 
tate wlien tested with a few drops of barium chloride. 

Sulphurous Oicid may be detected in the filtrate of the pre- 
ceding test, after the sulphuric acid, if auch be present, haa 
been completely eliminated, by mixing with it a little chlorine- 
water; an ensuing white turbidity would indicate sulphurous 
acid.* This may also be recognized or confirmed when a little 
of the hydrochloric acid, diluted with 4 or 5 parts of water, i& 
poured upon pure granular zinc in a small flafk (Fig. 31), 
and the evolved gas allowed to pass into 
a diluted solution of plumbic acetate in ft 
test-tube; an ensuing black precipitate in I 
the solution would indicate sulphurous acid ; j 
or the test may be made in a large test-tube, 
and the solution of plumbic acetate exposed ] 
to the escaping gas by closing the mouth of 
P^ J, the tube with a buncli of cotton, moistened ] 

with the solution (Fig. 29 ; page 72). 
Chlorine may be detected by the occurrence of a blue col- 
oration, when the acid, diluted with about five times its bulk I 
of water, is mixed with a few drops of solution of potaseium 
iodide (free of iodate) and a little mucilage of starch. 

Iodine and Bromine. — About eight volumes of the acid are 

' Chlorine and tnlpburom acids, when in conioft irUh vnter, farm hjdrochlorie 
and nilphuric adds ; therefore the preseDce of eillier ooe of these impurities in h7- 
drMbloric add esetode* the other one. 
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agitated in a test-tube with one volume of chloroform ; after 
subsidence, the stratum of chloroform will appear red when io- 
dine, and yellowish when bromine, is present. If the chloro- 
form, however, remains colorless, a few drops of chlorine-water 
are added ; when, after agitation and subsequent subsiding, the 
chloroform still remains colorless, the absence of hydrobromic 
and of hydroiodic acids is also proved. 

Metals are detected in the acid, diluted with at least four 
times its bulk of water, when tested with hydrosulphuric acid : 
a white turbidity would indicate sulphurous acid or ferric chlo- 
ride, a yellow one, arsenious chloride, and a dark one, metals 
(copper, lead, or tin) ; in order to distinguish the latter, the 
precipitate is collected upon a filter, washed, and then treated 
with a little warm ammonium sulphydrate ; the filtrate is over- 
saturated with a few drops of hydrochloric acid ; a brown 
precipitate indicates tin. The precipitate upon the filter, in- 
soluble in ammonium sulphydrate, is washed, and dissolved in 
a few drops of warm nitric acid ; part of this solution is over- 
saturated with ammonium hydrate ; a blue coloration indicates 
copper; another portion is diluted and tested with one or two 
drops of diluted sulphuric acid ; a white precipitate indicates 
lead. 

Arsenic. — The presence of arsenious or arsenic chlorides 
may be shown by adding about 25 drops of concentrated 
solution of stannous chloride to about three fluid-drachms of 
the concentrated acid, and then adding, drop by drop, about 
one fluid-drachm of concentrated sulphuric acid ; the mixture 
becomes hot, but remains clear and colorless ; if, however, 
traces of arsenic are contained in the acid, it becomes more or 
less turbid, and deposits a brown precipitate. 

Another test is to introduce a mixture of one fluid-drachm 
of the acid, with four drachms of water wherein about three 
grains of cupric sulphate have been dissolved, into a long test- 
tube (Fig. 32), taking care that the liquid fills only about one- 
tenth of the tube, and that the upper interior surfaces of 
the tube remain dry ; a few pieces of pure zinc are then 
added, and a small bunch of gun-cotton moistened with solu- 
tion of argentic nitrate, or a cork provided with a strip of 
strong white blotting-paper moistened with the argentic solu- 
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tion, 18 inaerted iDto the oritice of the tube, which ia then al- 
lowed to atand, protected Irom the &olar light, for half an 
ttoor. 




A dark coloration of the solntion of argentic nitrate, not I 
diaappearinf; when immereed in a warm dilote aolution ct ( 
potaeeium cjanide, contirms the presence of arsenic 



ACIDA. 



87 



TABLE 



OF THE QUANTnT BT WEIGHT OF HYDROCHLORIC-ACID OA8 CONTAINED IN 
100 PARTS BY WEIGHT OF AQUEOUS HYDROCHLORIC ACID AT DIFFERENT 
DENSITIES. 

TiMPZEATinn 16* C. 





Percent of 

HydrochL 

Add. 


1.2013 


41 


1.2002 


40.75 


1.1991 


40.5 


1.1980 


40.25 


1.1969 


40 


1.1968 


89.75 


1.1947 


89.5 


1.1986 


89.25 


1.1925 


89 


1.1918 


88.75 


1.1902 


38.5 


1.1890 


88.25 


1.1878 


88 


1.1867 


87.75 


1.1855 


87.5 


1.1844 


87.26 


1.1833 


37 


1.1821 


36.76 


1.1810 


3C.5 


1.1798 


36.25 


1.1787 


36 


1.1775 


85.75 


1.1763 


85.5 


1.1752 


35.25 


1.1789 


35 


1.1727 


34.75 


1.1714 


34.5 


1.1702 


34.25 


1.1689 


34 


1.1677 


33.75 


1.1664 


33.5 


1.1662 


33.25 


1.1639 


33 


1.1627 


32.75 


1.1614 


32.5 


1.1602 


. 82.25 


1.1589 


32 


1.1577 


81.76 


1.1564 


81.5 



• 


"8, 




%. 




^^ 


it 




**1 

B 5 


^^ 


1| 






11 


fo 


qdO 


fi^X< 


aaO 


1.1661 


81.25 


1.1056 


21.5 


1.0578 


1.1639 


81 


1.1044 


21.26 


1.0561 


1.1526 


80.76 


1.1031 


21 


1.0549 


1.1618 


80.6 


1.1019 


20.75 


1.0537 


1.1601 


80.26 


1.1007 


20.6 


1.0524 


1.1488 


80 


1.0994 


20.26 


1.0512 


1.1475 


29.76 


1.0982 


20 


1.0500 


1.1462 


29.6 


1.0969 


19.76 


1.0488 


1.1450 


29.26 


1.0957 


19.5 


1.0475 


1.1487 


29 


1.0945 


19.26 


1.0463 


1.1424 


28.76 


1.0932 


19 


1.0451 


1.1412 


28.5 


1.0920 


18.75 


1.0439 


1.1899 


28.26 


1.0907 


18.5 


1.0427 


1.1886 


28 


1.0895 


18.26 


1.0414 


1.1378 


27.76 


1.0883 


18 


1.0402 


1.1861 


27.5 


1.0870 


17.75 


1.0390 


1.1348 


27.26 


1.0858 


17.5 


1.0378 


1.1835 


27 


1.0845 


17.25 


1.0366 


1.1823 


26.75 


1.0888 


17 


1.0353 


1.1810 


26.5 


1.0821 


16.75 


1.0341 


1.1297 


26.25 


1.0807 


16.5 


1.0329 


1.1284 


26 


1.0795 


16.26 


1.0317 


1.1272 


25.75 


1.0783 


16 


1.0305 


1.1259 


25.5 


1.0770 


15.75 


1.0292 


1.1246 


25.25 


1.0758 


15.5 


1.0280 


1.1234 


25 


1.0746 


16.26 


1.0268 


1.1221 


24.76 


1.0733 


16 


1.0256 


1.1208 


24.5 


1.0721 


14.75 


1.0244 


1.1196 


24.25 


1.0709 


14.5 


1.0231 


1.1183 


24 


1.0696 


14.26 


1.0219 


1.1170 


23.76 


1.0684 


14 . 


1.0207 


1.1157 


23.5 


1.0672 


13.75 


1.0195 


1.1145 


23.25 


1.0659 


13.5 


1.0170 


1.1132 


23 


1.0647 


13.25 


1.0146 


1.1119 


22.75 


1.0636 


13 


1.0122 


1.1107 


22.5 


1.0622 


12.75 


1.0097 


1.1094 


22.25 


1.0610 


12.5 


1.0073 


1.1081 


22 ! 


1.0598 


12.25 


1.0048 


1.1069 


21.76 ' 


1.0585 


12 


1.0024 




11.75 

11.5 

11.26 

11 

10.76 

10.5 

10.26 

10 

9.75 

9.6 

9.25 

9 

8.76 

8.5 

8.25 

8 

7.75 

7.5 

7.25 

7 

6.75 

6.5 

6.25 

6 

5.75 

5.5 

6.25 

5 

4.75 

4.6 

4.25 

4 

8.6 

8 

2.6 

2 

1.5 

1 

0.6 



The deoBlty of the aqneoiu add being doereMod by an Increase of temperatare, and Incroaaod 
by a decrease of temperature, the oonaequent change of the spedfle gravity amounts fbr each de- 
gree of the centigrade thermometer in either direction — 

For adds of a spedflc gravity of 1.1789 to those of 1.1SS6 to about 0.0006 
»* u i» 11885 a 1,0982 " 0.00O4 

•* H u 10982 u 10^85 " 0.0008 

For ifustance : An add of a spedflc gntrity of 1.1884 at 18* C. containing 85 per cent of hydro- 
ohlorio-add gas win have at ISJ&^C. a spedflc gravity of (1.1884-0.004 x 8is) 1.1884, and at Wy 
a • tpedfle grsTitj of a.l»4^(M)04 X SJbs) 1.1844. 
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7'iuidle iiui insfvLLOie IfiziSL Is ^K^ir B^Tccy poTCffnl and 
"iiiuruiT^erlsirJ!* r»s«ii': rig 'nuz :i pesiZ^-oibaBocnft «r oil of bitta* 
unnmiitt. I* ziix£» ttjzI -wizir uid iiixih^l lzl jJIl pivfM>rtionB. 
T!ie 'iCSniaal ift!iii is & 2j;£^7->iil:xce jk^iiHMK jtHiKQNML. eoutain- 
i^ur '^tilj i>.«:ii:: rTinr- z^ic -i^ili, *:i ia]ij*bxa& ^tAL It imparts a 
rliin* e7a:ies4!eii': ^txAic *o llrziis^^ lad ibnm^ a wcice precipitate 
Teizii. iTTHiri': z'.rmz^^ <*:lx:u» ia. rochKOziL criuLase* as well as 
In -itrie a*!i'L "ju* les& iii-iVjie iz. anrmociirai hj crate. Upon 
aiii!-i'>a :v :rrr> cH-.H-ie :o zha •iiiite akwi« and sabeeqoent 
iil^i oT?r-?a:;irat:vz wi'i p»:«asKi3i aiT^ira^^tbe iiqaid will 
^c^{zl7^ a :I-e vx-Ior, aLZ-i 'irp.-iK* a jl%i^ dajrk-bloe preeipitate 
ar.er :Le ii:"::: z vf hviirx-ilorr,* ae&i La exeiKs^ If a «^4iition 

m 

•>if =jrr»?cr«.^i^ z:rra:e L> ad»iei, -ir.^o bj •trop^ to the odSeinal 
r. Tir^.'va:!:'? acii, 4 irr:*^ rrwi^t'ate of metailie merenrv is 



ff'^ir'X'Alynx' aal ^'A'.sfp*i.»iriV 'j*.-%^4 maj be detected by 
iLaiciz^ 5*:'Zie or the acid w::i i little p">wilrred s«xiium bibo- 
rate : tLea the whole, without tilrerinij, :> eraporaced ia a porce- 
IaIji ca.L-fnIe, at a gentle heat, to drvnes* : the ^es^idlIe is dis- 
irjlT(t»l in dilate nitric aeid, aad part of the nkered solation is 
'rianiin.eii with argentic nitrate (or Ay«/AvAJi.>rK* 'XciJ^ which 
I* iri'iicate^i bj a white precipitate. To another jvirt of 
the ^.Li'iion ammoniani molvbdate L> added, and heated to 
\A-jiUrjz: an enjoin j: vellowish precipitate indicates j?A<;i(Q7iA<irt<e 
acid. 

F'/rraic atr-K*L it* present, will be detected bj its pn>pertv of 
wi^'AXiZ re J '^xiie oi mercun* to gray metallic mercury, when 
a little of the acid i^ warmed and agitated with a tew grains of 
the oxide. 

Sulphuric ackd i» detected by the formation ot a white pre- 
etpltate u[X;n ad<Iition of a few drops of barium nitrate to the 
acid- 



Estimation of the strength of hydrocyanic acid. 

There are two simple modes of ascertaining the quantity of 
anhydrous acid contained in hydrocyanic acid. The one de- 
pends upon the feet that one part of anhydrous hydrocyanic 
acid forms 5 parts ot argentic 
cyanide ; that, accordingly, 
100 parts of the officinal acid 
sbonld yield 10 parts of ar- 
gentic cyanide. 

The second mode is the 
Tolnmetric one, and depends 
upon the property of argentic 
cyanide to form a soluble com- 
pound with alkaline cyanides. 
When, therefore, the officinal 
hydrocyanic acid is convert- 
ed into sodium or potassium 
cyanide by addition of sodi- 
um or potassium hydrate, no 
permanent precipitate will 
appear, upon tlie addition of 
nitrate of silver, until more 
than sufficient cyanide of sil- 
ver ia produced to form the 
soluble compound. 

I. One hundred grains of 
the acid are completely pre- 
cipitated by a solution of ar- 
gentic nitrate. Then two fil- 
ters of exactly the same size 

and paper are cut ; through the one the liquid is filtered, 
the precipitate washed, and then both the empty filter and 
the one containing the argentic cyanide are dried, at a heat 
not exceeding 100° C, When the weiglit of the latter filter 
remains constant, both filters are weighed, the empty one Berv> 
ing as a counterpoise of the one containing the precipitate; 
the excess of weight of the latter is argentic cyanide, of which— 

10 grains represent 2.015 per cent anhjdrooa Ii;droc;ftnic mcId. 
10.6 " " 2.10 " " » " 

11 « " 2,20 " " " « 
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II. Twenty-seven grjimme? of the diluted hydrdcyanic acid 
are converted into sodium cyanide, by adding eolation of Hodiam 
Iiydrate until, after etiiring, litmus-paper sJiowg tLat the liquid 
has a Blightly alkaliac reaction. The test-aoltition of argentic 
nitrate is then allowed to flow in gradually (Fi^. 33), UDtil, 
after agitation, a slight permanent turbidity remains. When 
this occurs, the qnaniity of argentic nitrate added repreeenU 
exactly half the amount of hydrocyanic acid present iu the 
diluted acid, and the quantity of acid indicated denotes, there- 
fore, when doubled, the correct percentage. 

For volumetric estimation, see also page 63. 



AciDUv i-Atrnotnc. 



A limpid, odorless, syrupy liquid, colorless, or of a pale-yel- 
lowish tint, of a sour taste, and of trom 1.21 to 1.24 spec. f^v. 
(containing T5 per cent, of liydrated lactic acid). It is misci- ' 
biti) in all proportions, with water, glycerin, alcohol, and ether, 
and alao, without being colored, with concentrated sulphuric 
aafd. Lactic acid dissolves xinc and iron, with effervescence, 
»nd cannot bo distilled without undergoing partial decomposi- 
tion, ]lcat«d upon platinnm-foil, it emits inflammable vapors, 
which burn with a bright flame, and leaves a charred residue, 
which is completely dissipated at red heat. When heated with 
Nolution of potassium permanganate, lactic acid emits the odor 
of aldohydu. 

One draelnii of lactic acid requires for saturation not leas 
than liIVy grains of potassium bicarbonate. 

Zumination : 

Oum, Miinnit^, and Olucoae. — A few drops of the acid are 
dililtad with water in a te*t-tul>e, and slightly over-saturated 
with aodiiini carbonate ; to the clear liquid are added a few 
drop* of I'Vhling's solution, and the whole is gpntly wanned ; a 
blna floagulation, ii|K>n the addition of the cupricsolation before 
waruting, would indicate th« pro«>cnce of gum ; a brick-colored 
preoipll nto, nUer heating, indicates glucose. 





ACIDA. 91 

The presence of gnm and mannite may also be recognized 
by the occurrence of a turbidity upon dropping the acid into 
a mixture of equal parts of alcohol and ether. 

Glycerin may be detected by mixing, in a porcelain cap- 
sule, about 20 drops of the acid with 10 grains of oxide of 
zinc, previously triturated with a little water; the whole is 
then evaporated, upon a water-bath, to dryness ; the residue is 
treated with strong alcohol, and the obtained alcoholic solution 
is evaporated upon a watch-glass ; a neutral, syrupy, sweet resi- 
due would indicate glycerin. 

Organic Acids. — Two drops of the lactic acid are added in 
a test-tube to so much lime-water that the alkaline reaction re* 
mains prevalent ; if a turbidity takes place at once, oxalicy tar- 
taricy or phosphoric acid is indicated ; if the turbidity does 
not ensue before the liquid is heated to boiling, citric acid is 
indicated. Acetic and hutyric acids are recognized by their 
respective odors when the acid is gently heated in a porcelain 
capsule. 

SulphuriCy hydrochloricj and phosphoric acids may be de- 
tected in the diluted aqueous solution of the acid by testing it, 
in separate portions, with barium chloride for the former, and 
with argentic nitrate for the two latter. 

Acid calcium phosphates would be indicated by a white tur- 
bidity of the dilute solution of the acid when tested with ammo- 
nium oxalate. 

Metals are detected in the acid, when neutralized with aqua 
ammoniac, and then tested with hydrosulphuric acid; a white 
turbidity would indicate zinCj a brown or black precipitate, 
copper or le<xd. 



AGZDUX NITBI0X7K. 
Nitric Aeid. 



Nitric acid, in its most concentrated form, is a colorless, 
fuming, corrosive liquid, having the spec. grav. of 1.517 at 
16.5® C, and boiling at 84.5® C. ; it consists of 54 parts (93 per 
cent.) of nitrogen pentozide and 9 parts of water. 
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The crude commercial nitric acid is of two etrengtbs: the 
60-eal!ed double acid has a. epec. grav. of 1.36, containing abont 
50 per cent, of nitrogen pentoxide ; and the single acid, of 1.23 
spec, grav., containing about 30 per cent, of nitrogen pen- 
toxide. 

The ofBcinal nitric acid has the spec. grav. of 1.420, and con- 
tains about 60 per cent, of nitrogen pentoxide, correspondiugf 
to about 70 per cent, of monobydrated nitric acid. The Aci- 
dum nitriciim dilutum, of 1.068 spec, gravity, contains 11.68 
per cent, of monohydrated acid. 

Kitric acid is readily decomposed, and ig a powerful oxidiz- 
ing agent, acting violently upon most of the metals, and upon 
organic compounds, converting many non-nitrogenous vegetable 
substances into explosive bodies. From its tendency to decom- 
pose, nitric acid has frequently a yellowish color from nitrous 
and nitric oxides, held in solution, which, npon dilution of the 
acid with water, or upon lieating, cause a further decomposi- 
tion and consequent disengagement of nitric peroxide. Nitric 
acid may also be recognized by its property of dissolving cop- 
per-tnrnings to a blue soiution, with the evolution of colorless 
nitric-oxide gas, which, however, at once unites with atmos- 
pheric oxygen, terming red fumes of nitric peroxide; by the 
ready decoloration of diluted solution of indigo;'by its color- 
ing pine-wood bright yellow ; and by deep red or brown com- 
pounds with ferrous salts. 

The salts of nitric acid are remarkable for being all soluble 
in water. 

Tlie characteristic reaction of nitric acid with ferrous salts 
extends also to the nitrates, when previously acted upon by 
strong sulphuric acid. The test is performed either by placing 
a crystal of ferrous sulphate in the liquid under examination, 
mixed with concentrated sulphuric acid, or by mixing the 
liquid with a concentrated solution of ferrous snlpliate, and 
pouring this mixture carefully upon concentrated sulphuric 
acid in a test-tube, or by pouring it into a conical cylinder and 
placing concentrated sulphuric acid below it by means of a 
pipette (Fig. 34), so ns to form in either case two supernatant 
layers. If a large quantity of nitric acid is present, the surfaces 
of the crystal, or the line of contact between the liquids, become 
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black ; if but a small quantity is present, they become reddish- 
brown or purple. 

Volumetric Estimations see page 61. 

Szamiiiatioii : 

Hydrochloric acid may be detected in the acid diluted with 
about five times its volume of 
water, by the formation of a 
white precipitate, when tested 
with argentic nitrate. 

SxtlpJiuric acid is detected 
in the diluted acid by a white 
precipitate, when the diluted acid 
is tested with barium nitrate. 

Nitrous and hyponitric acids 
are detected in the diluted acid, 
by one or two drops of a very di- 
lute (1:1000) solution of potas- 
sium permanganate : their pres- 
ence is indicated by decoloration. 

Iodine and Iodic Acid, — 
About one drachm of the acid 

(the most concentrated acid has to be diluted with an equal 
volume of water) is shaken in a test-tube with about one-half 
its bulk of chloroform, which, after subsiding, will appear yel- 
lowish or reddish, if free iodine be contained in the acid ; when 
it remains colorless, a little hydrosulphuric acid is added, drop 
by drop, with gentle agitation ; if a coloration of the chloro- 
form takes place now, iodic acid is indicated. 

A confirmatory test is, to mix the acid, after dilution, if 
strong acid is under examination, with a few drops of mucilage 
of starch ; a bluish coloration will take place after a while, 
wlien iodine is present ; if no reaction occurs, a few drops of 
solution of sulphurous acid may be added, drop by drop, when 
the blue color will appear, if iodic acid be present. 

Metals may be detected by mixing the diluted acid with an 
equal bulk of hydrosulphuric acid, and by subsequent over-sat- 
uration with aqua ammonia. 
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BpMUIe 


pB«ml. 


PmraLrf 


SpMlAe 


Pcmst. 


IVrnfltrf 


Swdftt 


*HWiil, PonotoT 


fS^. 


sfHO*. 


!IO«+H>0 


cS^. 




fiO'.HK) 




KO**H'0 


1.523 


85 


99.10 


1.414 


58.5 


68.25 


1.232 


32 


87.88 


1.531 


84.5 


98.58 


1.412 


68 


67.66 


1.228 


31.6 


30.7S 


l.r.19 


84 


98.00 


1.400 


67.6 


67.08 


1.224 


81 


30.ia 


1.517 


83.5 


97.41 


1.406 


B7 


66.50 


1.2S0 


80.6 


85.68 


1.51G 




96.83 


1.403 


56.6 


65.91 


1.217 


SO 


36.00 


1.514 


82.6 


96.24 


1.400 


60 


06.38 


1.813 


39.5 


34.41 


1.512 




95.06 


1.397 


55.6 


64.75 


1.209 


29 


88.BS 


1.510 


81.6 


93.08 


1.394 


65 


64.10 


1.206 


28.6 


8S.SS 


1.508 


81 


94.50 


1.393 


64.5 


63.58 


1.201 


28 


88.06 


J.506 


80.6 


98.91 


1.889 


54 


68.00 


1.199 


27-5 


82.08 


I.5M 


80 


98.88 


1.888 


58.5 


62.41 


1.194 


27 


81.60 


1.502 


79.B 


92.74 


1.383 


63 


61.83 


1.190 


26.6 


80.91 


1.600 


79 


92.16 


i..seo 


B2.5 


61.26 


l.IPO 


SO 


80.88 


1.498 


78.5 


91.58 


1.377 


52 


00.06 


1.162 


25.5 


ES.74 


1.4S6 


78 


91.00 


1.374 


fil.5 


60.08 


1.178 


E6 


29.16 


1.494 


77.6 


90.41 


1.3T1 


61 


50.60 


1.174 


24.6 


2a.ss 


1.4»2 


77 


89.83 


1.368 


B0.5 


68.91 


1.170 


24 


28.00 


I.41KI 


76.5 


89.24 


1.804 


50 


68.83 


1.167 


28.5 


27.41 


1.488 


Tfi 


88.68 


1.301 


49.5 


57.75 


1.163 


38 


20.88 


1.486 


75.5 


88.08 


1.859 


49 


B7.16 


1.1 5S 


22.6 


86.86 
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75 


87.60 


1.355 


48.5 


66.68 


1.166 


22 


25.06 


1.4«I2 


74.5 


86.91 


1.352 


48 


66.00 


1.161 


21,6 


26.08 


1.480 


74 


86.33 


1.349 


47.5 


BB.41 


1.147 


21 


84.49 


1.479 


73.5 


86.74 


1.845 


47 


64.83 


1.143 


20.5 


88.91 


1.476 


73 


85.18 


1.343 


40.5 


54.25 


1.140 


20 


88.88 


1.474 


72.5 


84.68 


1.838 


40 


53.66 


1.186 


10.6 


28.74 


1.472 


72 


B4.00 


1.334 


46.5 


68.08 


1.182 


19 


88.16 


1.4T0 


71.5 


83.41 


1.330 


45 


62.60 


1,129 


18.5 


21.68 


1.469 


71 


62.83 


1.327 


44.6 


61.91 


1.126 


18 


81.00 


1.467 


70.5 


83.24 


1.823 


44 


B1.33 


1.122 


17.6 


80.41 


1.466 


70 


81.00 
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Witli the decrease and increase of temperature, the density of nitrio 
acid suffers a corresponding increase or decrease, amounting for each degree 
of the centigrade thermometer in either direction — 

For add* of* fpedfle gimvlty of 1.4M to thoM of 1.476 to 0.00218 In the ayenge. 
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i^<^ irutance: An acid of 1.178 spec. grav. at 17.5° 0. containing 25 per 
cent, of anhydrous, or 29.16 per cent, of monohydrated, nitrio acid will 
have, at 20** 0., a spec. grav. of (1.178—0.00072x2.5=) 1.762, and at 
15** C. a spec. grav. of (1.178+0.00072 x 2.5 =)1.1798. 



AOIDTTM OXAIilOXTIL 

Oxalic Acid. 

Colorless, transparent, oblique-rhombic prisms, containing 2 
molecules (28 per cent.) of water of crystallization, which tliey 
lose in a dry and warm air, the crystals crumbling down to a 
soft white powder of anhydrous oxalic acid, which may be sub- 
limed, in a great measure, without decomposition. Heated 
upon platinum-foil, the crystals first fuse, with slight crepita- 
tion, and finally are completely dissipated, emitting inflamma- 
ble fumes. 

Oxalic acid is soluble in 8 parts of cold water, and in its 
own weight, or less, of boiling water ; it is also soluble in 7 
parts of glycerin, and in about 4 parts of alcohol, but sparingly 
in ether and chloroform. Its solution has a very sour taste, 
and a strong acid reaction ; it forms with the alkaline metals 
soluble, with all other bases, for the most part, insoluble, salts, 
which, however, are soluble in dilute acids. 

When a cold saturated aqueous solution of oxalic acid is 
dropped into strong alcohol, it should not produce a turbidity; 
when dropped into lime-water, a copious white precipitate 
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muBt ensue at once, which remains unchanged upon addition 
of acetic acid, as well as of atnmoiiiutn chloride, but which IB 
readily dissolved by hydrochloric and nitric acids. Added to 
a solution of calcium sulphate, a precipitate is also produced 
after a while. 

When heated with concentrated sulphuric acid, oxalic acid 
is resolved into water and equal volnmes of carhonic oxide and 
carbonic aeid, without being charred. 

£zaiiiuLatioii : 

Binoxalatea and quadroxalaUa of potassium (sorrel aad 
lemon ealtr^) are detected by heating about half a drachm of the 
oxalic acid in a platinum or porcelain capsule, to redness, and 
until no more fumes are emitted ; a white fused residue, turn- 
ing red litmufi-paper blue, and effervescing with a few drops of 
hydrochloric acid, would indicate potassium or traces of caU , 
cium. 

Crude commercial acid mostly leaves a very small trace of ] 
residue, too insignificant, however, to impair the quality of the ] 
acid, or render it unfit for its common technical applications, i 

Tartaric, citric, and racemic acids, and their salts, as acci- 
dental admixtures in oxalic acid, may be detected by gently 
heating, in a test-tube, some of the crystuls in strong sulphuric 
acid. The crystals, as well as the acid, must not become dark- 
colored or blackened, othenvise the presence of the one or other 
of auch admixtures is indicated. 



ACIStnC PHOBFHOBIOtnC 

Photphorie Aeid. 
Glacial, monobasic, or metaphoaphoric acid forms colorless, 
transpareut, glass-like, fusible masses, deliquescent, and slowly 
but freely soluble in water and in alcohol, yielding colorless, 
inodorous acid solutions. The fused acid consists of 142 parts 
of metapiiosphoric acid and 18 parts of water, containing, 
therefore, 11.2 per cent, of water. Its aqueous solution pro- 
duce? white monobasic precipitates with albumen and with sol- 
uble salts of silver, barium, and calcium. When its solution is 
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heated for some time, the monobasic acid is converted mto the 
tri-basic acid, which is contained in the medicinal acidum 
phosphoricum dilutum. This process is accelerated by the ad- 
dition of a little nitric acid to the boiling solution of the mono- 
basic acid. 

Acidum phosphorictMn dilutum forms a colorless, inodorous, 
acid fluid of 1.056 spec, grav., containing 7.2 per cent, of anhy- 
drous tri-basic phos])horic acid, 100 grains of which saturate 
23.4 grains of crystallized potassium bicarbonate, without pre- 
cipitation. This acid does not coagulate albumen nor precipi- 
tate barium chloride ; when neutralized with sodium carbonate, 
it yields a light-yellow precipitate with argentic nitrate, soluble 
in nitric acid and in ammonium hydrate. It produces, in di 
lute solution of ammoniated magnesium sulphate, a white crys- 
talline precipitate of ammonio-magnesium phosphate, which, 
when collected and washed upon a iilter, becomes yellow upon 
being moistened with dilute solution of argentic nitrate. 

Examination of Olacial Phosphoric Acid : 

Ammonium may be detected by heating a few fragments 
of the fused acid in a strong solution of potassium hydrate in a 
test-tube ; the odor of ammonium hydrate and the formation 
of white fumes, when a glass rod, moistened with acetic acid, 
is held over the orifice of the tube, will indicate ammonium. 

For further examination, about two drachms of the glacial 
acid are dissolved in six fluid-drachms of water, in a small 
porcelain capsule; when dissolved, 20 drops of concentrated 
nitric acid ai-e added, and the fluid boiled until reduced to 
about half its original bulk ; then so much water is added as to 
make the fluid measure one ounce. 

Magnesium, and aluminium are detected in a small portion 
of this acid, after dilution with water, by the formation of a 
white precipitate upon over-saturation with strong ammonium 
hydrate; if this is soluble in acetic acid, magnesium is indi- 
cated ; if it is insoluble or only partly soluble, aluminium is 
also indicated, and may be confirmed \>y heating a little of it 
on platinum wire before the blow-pipe ; the colorless bead will 
assume a blue color, after being moistened with solution of co- 
baltouB nitrate, and reheated, when aluminium is present. 

Calcium and SiUcic Acid. — ^Another part of the above solu- 
7 
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tion of the acid ia mixed with about four times its rolnme of sb- 1 
Bulute alcohol; if a precipitate is formed, it is collected npoa s | 
filter, and, after the alcoholic liquid has pussed through the £1- J 
ter, is treated with liquor potassfe ; if a residue remains on tbfl f 
filter, the presence of calcium is indicated; if the precipitate 1 
however, be partly or entirelv dissolved, the fiolutJon is oveis I 
saturated with hydrochloric acid and evaporated to dryness afl 
a gentle heat ; the residue is dissolved in water acidulated with.l 
sulphuric acid ; if a white turbid solution results, silicic acid is I 
inditatcd. 

Metals. — The rest of the aolntion of the acid may be exam-j 
ined for metals in the same mode as described under acidamf 
pboBphoricuni dilutum. 

Examinatioii of Acidom Fhosphoricnm Dilntnm ; 

Monoban'c phosphoric acid may be detected by the fonnap J 
tion of a gelatinous white precipitate when tested with solntiod I 
of albumen. 

Phoephorom acid ia indicated, if no arsenioue acid be pre 
ent, by decoloration when a tittle of the acid is heated in as 
teet-tube, with one or two drops of potassium pc^ma^ganate^■ 
It may alao be detected in the diluted acid bv adding a fei 
drops of solution of mercuric chloride, and gently warming tb*l 
liquid; an ensaiug white turbidity would coufiiru the presenoi 
of phosphoroua acid. 

Jlydroehloric acid is detected by a white precipitate wiUt 1 
argentic nitrate in the diluted acid, to which previously hared 
been atlded a few dro]>s of conceutmted nitric acid. 

Xitric acid is ludicated by decoloration when a little of t. 
acid is gently bvateil with one drop of indigo-solution. Ilq 
presence may be conflrmoil by mixing with the acid nearly a 
«qnal bnlk of concentnttcd solution of ferrous sulpbnte, and hfm 
placing this mixture upon concentrated snlphurio acid, witl 
the precaution tliat tlie two fluids do not mix (l-'ig. 3o); a i 
brown cohiration upon the line of contact between the tvid 
fluids will citntirm tlio prv^mice of nitric acid, 

SulpAuric acid is detectiMl in the diluti?d acid, to which a ' 
few dn>ps of nitric acid have been added, by a white precipitate 
with barinm nitrate. 

MftaU aro detected by saturating the diluted acid with hy- J 
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droBQlphnric-acid gas, and allowing the liquid to stand for 12 
hoars in a corked test-tube or flask ; the occurrence of a colora- 
tion or precipitate will indicate metals ; a light-yellow floccu- 
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lent one, arsenic ; a brown or black one, copper, lead, or tin. 
They may be discriminated by the methods described on page 
41. 

Arsenioua as well as arsenic acids may be detected in 
phosphoric acid by the two following equally accurate meth- 
ods: 

1. A mixture of about two drachms of the officinal phosphor- 
ic acid with two drachms of concentrated pure hydrochloric acid 
and about 20 drops of concentrated solution of stannous chloride, 
is heated in a test-tube ; the mixture, at first white and turbid, 
becomes transparent and clear ; a brown coloration or turbidity 
will indicate arsenic. 

2. Three fluid-drachms of the phosphoric acid are warmed 
in a test-tube; then one drop of solution of potassium per- 
manganate is added ; if decoloration takes place, the solution 
is added drop by drop until decoloration of the reagent ceases ; 
one fluid-drachm of concentrated sulphuric acid (previously 
tested for arsenic) is added, and the mixture placed in a long 
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tett-tabe (Fig. 36), care being taken tbat the interior uppi 
parts of the tube remain dry ; a few pieces of pare zinc ani 




than atUieti, and tlio test conducted in the mode described on J 
[iHgH 9». A dark coloration of the solution of argentic nitratafl 
will tioufirm tbu presence of arsenic. 



OF THK QtrAHTITT BT WEIOHT OF AJfKTDROVB AHD OF TBI-HTDBATGD 
rnOSFHORlC acid CONTAiyED IN IN PAKTB BT VEIOUT OP AQUEOUB 
PHOeraOElO ACID AT DIFFBBEKT DEKfllTIES. 
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With the decrease or iDcrease of temperature, the density of phosphoric 
kfM niifn-m a frorrei«pondiiig increase or decrease, amounting for each de- 
gr<»« ot th« cisntigrade thermometer in either direction — 

ror Adda of * tpedfle gwritj of 1.809 to thoM of 1.818 to aboat 0.001. 

.. u 15^7 u 1^^ u 0.00088. 

u 1448 u ijg^ u 0.00008. 

*• *» 1,885 • 1.888 " 0.00008. 

•• M u 1^18 «• 1.188 *• 0.0004. 

•• ♦* »* 1.118 ** 1.018 *^ 0.0006&. 

/-V/r in»lanet : An acid of 1.130 spec. gray, at 17.5^ C, containing 16 
ph$ t.t.ui of aiitiydruus or 22.04 per cent of tri-hydrated phosphoric acid, 
win Un^h, hi 20' ()., a Hpec. grav. of (1.130—0.0004x2.5=) 1.129, and at 
tt,' h , h •|»fcc. grav. of (1.130-f 0.0004x2.5=) 1.181, 



▲OIBUK SUOC mi CU M . 
Succinic Acid. 

i 'hUiiUiiilif oliliquo-rhombic pridms, without odor when pure, 
iti,fl 4ilti a HMirn or Ioha strong odor when the acid is obtained 
tf'*t4* *iHth<ti \ty liuhliniution, and is> only imperfectly freed from 
Mr^ uu\i^niinmx\\i\ oilrt. When heated upon platinum-foil, it 
^«K^^ m) i^it' il^ iind onuts irritating fumes, leaving a charred 
^t.Ai'Uit.i wiiU'.U^ howovt^r, it» entirely dissipated upon heating to 

t'utt. *Mi uiiiio iioid (UhhoIvos in from 25 to 28 parts of cold, 
^/,'l f*hM4i iliMtit imrtii t>f hoiling, water, in 15 parts of cold, and 
lit H j/.Hl 111 lioiling, aloohol; it is but sparingly soluble in 
fjfii.t fth'i hi nil ttf turpontino (distinction from benzoic acid); 
M>. 'f'^.r Willi MiihitiiHi violdn, when neutralized with aqua ammo- 
ftfPi u ' '.|/i<H4.i uMlilihli-bn^wn precipitate with diluted solutions 
'/I i* u\* '•<h', k^liiHli iii nMlisAoIved u[H>n addition of hydrochlo- 
ir '.'rl 

/'/ii.'/ li^inhtinri^. If a ret^idue remains when the acid is 
i" ' h 'i 'ih'\ (li>i>'l|tiitiul \ipon platinum-foil, about two drachms 
•I n /• ' 'im\iUAv'\) IhoihrratiHl in a jH>roelain crucible; the resi- 
•j .. I'M "*li|, 111 luntinl with Uioist turmeric as well as with 
r '< /flMMiH |/M|iiii i it u thou divided into three parts; one of 
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which is mixed with a little strong alcohol, and this ignited ; a 
greeu color of the flame, especially toward the termination of 
the ignition, indicates haracic acid^ another portion of the resi- 
due is moistened with one drop of concentrated hydrochloric 
acid ; effervescence would indicate potassium, hitartrate^ or 
other tartrates^ citrates, or oxalates ; the third portion is dis- 
solved in a few drops of water and one drop of nitric acid, and 
tested witli barium nitrate ; a white precipitate would indicate 
potassium sxdphate or hisulpJiate. 

Ammonium salts are detected by the odor of ammonia 
and by white fumes when a glass rod, moistened with acetic 
acid, is held in the test-tube, when the acid is heated in solu- 
tion of potassium hydrate. 

Metallic impurities may be detected in the concentrated so- 
lution of the acid, by the admixture of an equal volume of hy- 
drosulphuric acid. 

Organic acids and salts may be detected by agitating four 
grains of the succinic acid in two drachms of hot water ; a com- 
plete solution must take place, and continue after cooling; 
when a white precipitate separates on cooling, it is collected 
upon a filter, washed with a few drops of cold water, and, when 
perfectly dry, treated with a few drops of warm oil of tur- 
pentine, wherein it will dissolve, if it is benzoic acid. A por- 
tion of the aqueous solution of the acid is then dropped into 
strong alcohol ; an ensuing turbidity would indicate mineral 
salts ; another part of the solution is dropped into lime-water, 
taking care that this, with its alkaline reaction, remains preva- 
lent; the formation of a white turbidity would indicate oxalic 
or tartaric aculs, or their sails , if a turbidity is not formed 
until after warming the liquid, citric acid or citrates would be 
indicated ; a little solution of ammonium chloride is added and 
agitated : oxalate will remain unaltered, tartrate or citrate will 
partly or entirely dissolve. 

The following may serve as a general test for the purity of 
guccinic acid : Ten grains of the acid are dissolved in 3 fluid- 
drachms of strong or absolute alcohol ; the solution is aided by 
dipping the test-tube in hot water ; when cold, it is divided 
into two parts, one of which is mixed with an equal bulk of 
chloroform, the other with an equal bulk of aqua ammonisa ; 



2\4 MjlFV^Z. of nmrr^- jAaI^SBE 

t^ t.nmniitA>tr ifuimiuL 2111HC ?u»r ^luaat iL :aif^ £:« isac xnd a 
t^i*n;r xnzzr^xtn ii i:!!!: «!s!31iijL inJAErvrw mn: ir mice lUf lb 



K.i^Tt. r'^v, .f fr:cL :.*4-> :•: I. ST*/. c»>r.-:A^ -'x fr:<a: 1^ to ^> per 
<>•••: ',"! vk.:.*:--. ALC W-.^ T-er «^T- -c-f =>:oc<:TJinUiei s'Slphnrie 
v.-.C- Ai :i.I^ ce^KTj v-*^ f::5i:'3Lce of tie aeii wei^bs a 
•••^A* fn.'r..':-- orer 14 drfcclzj?. It :-as a tfiK:-&g anraction 
i,'T vi.'.*:r. i.'jv,*rAz^ ;: fr>:i. :ie AiaL^^fi'trt-re, aod w::bdrawiiig 
J*, vj 'r^t ^!*:.v-«ii* fr>m orsTk-fe oc-:r.»T3:5ii injaaers^d in, or 
:s:'*^ vh}^ tL« &cid: Hij::.-:rc &c>L tLerefcre, when in con- 
r*,'.^ wr.'i '.rsra-ic ral.-siaLii-'rf, cr wiih air cc-nlairing dost, 
2T*':u*;ijr ;>rt> its colorlese &:'i'e*rar.c*, and Incomes more or 
Jfct* '.rr/ir:.. i.'.d rapidlv cLars a::d desXT>&T§ In•>^r oiganic sub- 

Si*hvhur:c acid is mi?cil»!e with water, fflycerin, alcohol, 
cblorofonrj. carbon bisulphide, and other s->lvents, with evo- 
lution of heat, and produces, with most organic liquids, a 
ruore or le*» vehement decomposition : in its relations to 
other coriJixiTiudi?, it maintains the character of one of the 
fetror*;fe*^t tmiU^ its affinity for bases beinjr so powerful as 
to withdraw them from nK>st of their coinpoucds, forming sul- 
phates, which, with the exception of those of barium, stron- 
tium, lead, and calcium, are s^duble in water. Bv the same 
powerful affinity, sulphuric acid decomposes water, and de- 
prives it of its oxv«ren, when in contact with water and certain 
metals Hron, zinc, tin, magnesium), or part of the acid itself is 
dec<»m[>ose<l by the abstraction of oxygen, with the forma- 



tion of metallic oxides and of salphates, when concentrated 
Kulphuric acid acta upon Borae metals (copper, mercury, silver). 

A piece of pine-wood, dipjied into concentrated eulpburie 
acid, will become black, and when a piece of loaf-sugar is placed 
in a little of the acid, in a test-lnbe, and gently beated, the acid 
■will become black, and emit the odor of snlpburous acid ; when 
one dnip of the acid is mixed with a test-tubeful of water, this 
■will let full a white precipitate upon the addition of a few drops 
of barium chloride, 

Volumetric Estimafion, see page 61. 




lation : 

Fixid impvriiiea are recogDized by a residue after complete 
evaporation of a few drops of the acid upon platinum-foil. 

Lead ia indicated by a white turbidity taking place upon the 
eareful admixture of one part of the acid with about four or 
' five times its volume of alcohol {Fig. 37). Another method 
I of readily recognizing the presence of lead in snlphuric 
. acid is, to fill a fimall conical cylinder about half with con- 
centrated liydrocliloric acid, and then to place below the acid, 
by means of a pipette, a nearly equal volume of the sulphuric 
acid, with care that tho fluids do not mix {Fig. 38); an ensuing 
white turbidity at the junction of the two fluids would confirm 
tiie presence of lead. 
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Tbe presence of lesd and other metallic imparities m&y ba 
also detected hy nearly nentralizing tlie acid, dilnted with two 
or three times its bulk of water, with aqua ammonis or liquor 
potasEK, and br adding, while yet warm, an equal volume of 




liydrosulphuric acid, and allowing the liquid to stand fur BflT- , 
era] hours ; n precipitate would indicate lead or otiier metals, 
which, wlien required, may be fiirtlier examined by the meth- 
ods described in tbe course of analytical investigatioi 
41). 



ation (pi^ 



ACIDA. 107 

Arsenic may be detected by either of the two following 
methods : 

1. About half a fluidounee of a mixture of equal parts, by 
volume, of the concentrated sulphuric acid and water is, 
when cool, heated in a test-tube, and a solution of potassium 
permanganate added drop by drop, until decoloration ceases ; 
then about 20 grains of sodium chloride, and subsequently 20 
drops of concentrated solution of stannous chloride, are added, 
and the mixture heated. An ensuing brown turbidity would 
indicate arsenic. 

2. To about one fluid-drachm of the sulphuric acid are 
added one or two drops of solution of potassium permanga- 
nate, or, if decoloration takes place, enough to make this cease. 
The acid is then added to 4 parts, by volume, of water, and 
introduced into a long test-tube, of which it should fill not more 
than about one-tenth, and whose interior above the fluid should 
remain dry (Fig. 39) ; a few pieces of pure zinc are then added, 
and the test performed in the mode described on page 30. 

Svljphuroua add and oxides of nitrogen are indicated by 
decoloration upon the addition of one drop of sulphuric-acid 
indigo-solution, and gentle warming, as also by decoloration 
of solution of potassium permanganate. A special test for ni- 
trogen oxides consists in dissolving two or three drops of pure 
anilin in about one drachm of diluted sulphuric acid, and in 
adding gradually, with gentle stirring with a glass rod, about 
twice the volume of the concentrated sulphuric acid (Fig. 37). 
Nitrogen oxides, if present, cause rose-colored lines in the track 
of the glass rod. 
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ACIDX71E TANNIC UM. 
Tannic Acid. Tannin. 

Amorphous, friable, porous, and inodorous masses, or thin 
shining scales, of a pale greenish-yelloW color, and feeble, mild 
odor* (mostly combined with a faint odor of ether); when 
heated upon platipum-foil, tannic acid fuses, swells up, and 
burns away without residue. 

Tannic acid is soluble in about two parts of water, in three 
parts of glycerin, and in less than its own weight of diluted 
alcohol ; but it is less soluble in strong alcohol, only sparingly 
in ether, and insoluble in the fixed and volatile oils: its aque- 
ous solution reddens litmus-paper, and has an astringent taste 
without bitterness ; it becomes turbid when boiled, and gradu- 
ally dark-colored and mouldy, when exposed to the air ; it suf- 
fers precipitation by the alkaline salts, and by the mineral 
acids, and forms soluble compounds with the alkaline hydrates, 
sparingly soluble ones with the earthy oxides, and more or less 
insoluble ones with most of tlie metallic oxides ; its solution 
coagulates solutions of gluten, albumen, and starch (distinction 
from gallic acid), and affords white precipitates, soluble in 
acetic acid, with the alkaloids ; it renders no reaction with fer- 
rous saltd, if completely free from ferric salts, but it gives a 
bluish-black precipitate with the latter, which is soluble in 
oxalic and mineral acids. When solution of tannic acid is 
dropped into lime-water, it produces a white turbidity, which 
soon becomes gray and dingy green, and passes through various 
shades to a dark purple-brown color. 

Examinatioii : 

The absence of admixtures of resinous substances^ of dex- 
trin^ and of suffaVj may be ascertained by the property of the 
acid to yield a clear or almost clear solution with about four or 
five parts of warm water, which should remain so when tested 
in two portions, the one by addition of twice its volume of 
strong alcohol, the other by dilution with water ; if any such 
adulterations be present, they may be separated and recognized 
by making two solutions of the acid, one in strong alcohol 

* Tlie oolor and odor are doe to traoes of a greenish resin. 
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when sugar and dextrin will remain behind, and another one 
in boiling water, when resinous snbstanoes will be expelled on 
cooling. 



▲CIDX71E TABTABIOUM. 
Tartaric Acid. 

Colorless, transparent crystals, which have the form of an 
oblique-rhombic prism, more or less modified ; they are perma- 
nent in the air ; but when heated, they fuse, become black, 
and are decomposed and charred, with the evolution of inflam- 
mable vapors of a peculiar odor, and are finally wholly dissi- 
pated without residue. 

Tartaric acid is soluble in an equal weight of cold, and half 
its weight of boiling, water, and in three parts of alcohol, form- 
ing solutions of a strongly acid taste and reaction^ which, when 
dropped into solutions of neutral potassium salts, give rise to 
the formation of a white granular precipitate, at once in concen- 
trated solutions, and after a time in diluted ones. This reac- 
tion, however, does not take place in solutions containing free 
mineral acids or acid salts thereof. When solution of tartaric 
acid is dropped into lime-water, so that the alkaline reaction 
remains prevalent, a white turbidity occurs (distinction from 
citric acid) which, disappears again upon addition of solution of 
ammonium chloride (distinction from racemic acid), and also 
uix)n addition of acetic acid (distinction from oxalic acid) ; solu- 
tion of calcium sulphate remains unchanged upon addition of tar- 
taric acid (additional distinction from oxalic and racemic acids). 

Crvstals of tartaric acid, when immersed in concentrated 
sulphuric acid, dissolve gradually without coloration, unless 
warmed, when they become black. 

One drachm of tartaric acid requires, for saturation, 65.70 
grains of potassium carbonate, 79.98 grains of crystallized po- 
tassium bicarbonate, 114.39 grains of crystallized sodium car- 
bonate, G7.20 grains of sodium bicarbonate, and 38.19 grains 
of magnesium carbonate. 

Volumetric Estimation^ see page 61, 
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Ezamination : 

Salts. — Au admixture of salts is recognized by an addition 
of an equal volume of alcohol to a cold saturated aqueous solu- 
tion of the acid, or by dissolving the powdered acid in 6 parts 
of strong alcohol; a complete solution must take place and re- 
main in either case. 

SulpJiates may be detected in the diluted solution, by a 
white turbidity with barium nitrate. 

Oxalates may be detected in the concentrated aqueous solu- 
tion of the acid, by a white precipitate when tested with solu- 
tion of calcium sulphate. 

Calcium salts may be detected in the diluted solution, neu- 
tralized with aqua ammonise, by a white precipitate with am- 
monium oxalate. 

Metallic impurities (copper or lead) are detected when a 
saturated aqueous solution of the acid is mixed with about 
twice its bulk of hydrosulphuric acid. 



▲CIDX71E VALEBIANIOUM. 

Valerianic Acid, 

Pure valerianic acid forms a thin, colorless, or nearly color- 
less liquid, having the persistent odor of valerian-root and a pun- 
gent, acid taste ; it reddens litmus, bleaches the skin, and bums 
with a bright, smoky light. In contact with water, it absorbs 
about 20 per cent, of its weight without losing its oily consist- 
ence, and is itself soluble in about 26 parts of water ; it is niisci- 
ble with aqua ammonioe, alcohol, and ether, in all proportions. 
Its spec. grav. is from 0.935 to 0.94:0, and it boils at 175° C. 
The commercial acid is generally trihydrated, having a density 
of 0.950^ and the boiling-point at 165** C. 

Ezamination : 

FaUy Acids. — Twenty grains of the acid are weighed in a 
tared flask, and water, of a temperature of from 12° to 15° C, 
is carefully added, with constant agitation, until the acid is just 
dissolved. The bottle is weighed again, and the quantity of 
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water required for eolation mii&t be not less than 26 times the 
weight of tlie acid ; in tliis instance, not lese tlian one ounce snd 
two semples. If the acid dissolves in lees water, it is not par^ 
containing adniixtoree (alcohol, acetic acid, and butyric acid^ 
which by their greater ^oUibilit; increase that of the valerianie 
acid. On the other hand, the quantity of water required for 
solution raust not exceed thirty times (lU drachms) tlie weight 
of the valerianic acid, in which case it would contain lese sol- 
uble or insoluble ndtnixtures (caproic and similar monatomic 
acids, valeric aldehyde, etc.). 

If the preceding test leaves doubt aa to the purity of ths' 
acid.or if a more conclusive exam- 
ination be required, one drachm 
of the acid is weighed in a beaker- 
glass, and mixed with two drachma 
of hot water ; then from a burette, 
or a graduated pipette (Fig. 40), a 
solution of potassium carbonate, 
of 1.33 epec. grav, (containing 33J 
per cent, of anhydrous carbonate), 
is added drop by drop, until the 
acid is exactly neutralized. The 
quantity by weight of the solution 
of potassium carbonate used must 
very little, if at all, exceed twice 
the quantity of the acid; if a 
greater quantity be required, the 
presence of butyric, acetic, and 
similar homologous acids, ia evi> 
dent. When, in this test, oily 
drops are separated upon the sur- 
face of the liquid, the admixture 
of some neutral oily compound is indicated. 

Acetic acid may be detected, by adding to the liqnid oV 
tained in the preceding teat half as much hydrochloric acid, of 
1.124 spec. grav. (containing 25 per cent, of anhydrous acid), 
as was required of the potassium-carbonate solution for satura- 
tion ; after agitation, the liquid is transferred upon a small 
glass funnel, provided with a stop-cock. After the separation 
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of the Bnpematant fatty acid, the lower aqueous layer is drawn 
off through the stop-cock. A part of this solution is carefully 
neutralized, in a test-tube, with diluted aqua ammonisd, and a 
tew drops of a solution of ferric perchloride are then added ; a 
reddish-brown precipitate will ensue, which, upon agitation, 
acquires a resinous appearance ; the supernatant liquid must 
appear colorless ; a reddish color would indicate acetic acid. 

Mineral a^eida may be detected in the aqueous solution of 
the valerianic acid by adding a few drops of nitric acid, and by 
subsequently testing portions of.it with barium nitrate for sul- 
phuric acid, and with argentic nitrate for hydrochloric. 



AoomriA. 

ACONITINUM. 
Aeonition Aeonitine, 

White, amorphous, pulverulent grains, or a white or yel- 
lowish-white powder, or colorless rhombic or six-sided prisms, 
fusing, when heated upon platinum-foil, at about 80° C, with- 
out loss of weight ; at about 120° C. it becomes brown, and, at 
a higher temperature, bums away without a residue. 

Aconitia is but sparingly soluble in cold water; with hot 
water it becomes soft and resin-like, and dissolves gradually, 
in the proportion of one part of aconitia to 50 parts of hot wa- 
ter; upon cooling, most of the aconitia separates again. The 
aqueous solution has a persistent bitter and acrid taste, and a 
feeble alkaline reaction ; upon addition of concentrated sulphu- 
ric acid, the solution remains unchanged, or becomes slightly 
yellow ; but, when heated by immersing the test-tube in boil- 
ing water, it turns purple, and, upon the addition of potassium 
bichromate, green. 

Alcohol, ether, chloroform, carbon bisulphide, benzol, and 
diluted acids, dissolve aconitia freely ; its solution in water, 
acidulated with hydrochloric or sulphuric acids, yields a white 
precipitate with solutions of tannic acid, of phosphoric acid, 
of potassio-merouric iodide, and of the alkaline hydrates and 
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carbonatee, a brown one with Eolation of iodioized potaseiam 
iodide. 

Aconitis dissolves in concentrated nitric acid without 
change ; with concentrated BQlphnric acid, it forms a coherent 
mass, which diseolvea upon agitation, with a Tellowiah-brown 
color, gradaallr changing to parple or brown. It la also diA- 
Bolved by phoephoric acid ; this eolation becomes purple opoi 
evaporation on a porcelain capeule, in a water-bath. 

A kind of aconitia is occasionallr met with in commerce 
which differs from that above described in its chemical and 
therapentical properties, and which is evidently derived from 
one or more non-officinal species of Aconitnm ; it i^ readilj 
recognized by its slighter solability in chloroform, reqnirii 
aboat 230 parts for solntion, while the officinal aconitia 
solves in 2J parts of chloroform. 
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Etier. EtkylU Ether. Ethyl OrUU. 

A colorless, light, and limpid liquid, of a characteristic 
grant odur, very volatile and inflammable ; it does not reddea 
litniDs, bat becomes slightly acid I>v the absorption of oxy- 
gen and the formation of acetic acid, from contact with the air 
in imperfectly-stoppered bottles. When pare, its spec gmr. 
at 15.5° C. is about 0.720. 

The United States Pharmaco{><£ia provides two strengths 
ether, one of the spec. grav. of 0.750. at 15.5° C, containing 
about 70 percent., and selher fortior, of a spec. grav. noteiceed- 
ing 0.72S at 15.5° C, and containing about 90 per cent, of 
etliylic ether. 

Etber is miscible, in all proportions, with alcohol, carbon 
bisulphide, chloroform, and benzol ; pure etber dissolves about 
two per cent, of water, increasing thereby its density from 0.' 
to 0.723, at 15.5° C. Water, on the ottier hand, dissolves ni 
ly 10 per cent, of etber. From its solution in ether, the 
can wholly be removed again by auhydrons potassium carboa*' 
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ate, provided that the ether be pure and free from alcohol. 
When completely free from alcohol and water, ether. has no 
action on dry tannic acid, which deliquesces to a thick, syrapy 
llaid in sther fortior. 

Ether dissolves sulphur and phosphorus sparingly, but bro- 
mine, iodine, gun-cotton, caoutchouc, essential oils, and most 
of the fatty and resinous substances, freely ; it is also a solvent 
for a number of alkaloids, and for some metallic salts, e. g., 
mercuric, auric, platinic, and ferric chlorides, etc. 

Examination: 

Alcohol and Water. — Shaken with an equal bulk of water, 
in a small graduated cylinder (Fig. 41), officinal ether should 
not lose more than from one-lifth to one-fourth, and aether for- 
tior not more than from one-tenth to one-eighth, of its vol- 
ume; otherwise an excess of one or other of the above is 
contained in the ether, which fact will also be indicated by a 
greater density of the ether than that above stated. 

A still more accurate result of this test is obtained when 
pure glycerine is employed instead of water. 

Acids. — Blue neutral litmus-paper, when immersed in 
both strata in the cylinder, should remain un- 
altered, as also when a small quantity of the 
ether is evaporated in a porcelain capsule un- 
til reduced to a few drops, and then tested with 
litmus-paper ; a slight acid reaction would in- 
dicate acetic acid, and, in crude ether, possibly 
sulphurous or sulphuric acid ; the acid reaction 
may also be caused by traces of ethyl sulphate ; 
traces of this and other ethylic or amylic ethers 
or alcohols are also indicated when about half 
an ounce of the ether is evaporated from a flat 
porcelain capsule by causing the fluid to flow 
to and fro ; when the ether is evaporated, the 
surfaces of the capsule should be covered with 
a deposit of moisture, without taste or smell, and without any 
oily appearance. 
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Fitr imtanee : &a ether of 0.7306 tpeo. grar. at 17.5° 0., MmtainiDg 98 
per oenL etii jl oiide, will havs, at 20° C, a spec. grav. of (0.7206—0.0018 
xS.6=) 0.71T3, and, st 16° 0., a spec grav. uf (0.7206-|-0.0013x3.Ca) 
0.7389. 



.2RKBB AOBTICUB. 

Acetic Bther. Ethyl AettaU. 

A colorlcBs, light, limpid liquid, of an agreeable, ethereal, 
and fruity odor and taato ; very volatile end combustible. 
Wlien pore, ite spec grav. ie 0.900 to 0.904 at 15" C., and iU 
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boiling-point at 74 to 76** C. Acetic ether is miscible in all 
proportions with ether, alcohol, chloroform, carbon bisulphide, 
and benzol; it is miscible with water, and soluble therein, in 
approximately the same proportion as ether. It absorbs oxygen 
from the air, especially if it contains some water, forming acetic 
acid ; both the water and the acid can be removed from the 
ether by shaking it with exsiccated potassium carbonate, which 
will become more or less liquefied when these fluids are present. 

Examination: 

Alcohol. — ^When shaken with an equal volume of water in a 
graduated glass cylinder (Fig. 41, page 115), the ether, after 
subsiding, should not have decreased in bulk more than one- 
tenth to one-eighth ; when pure glycerine is employed instead 
of water, the volume of both liquids should remain almost 
unaltered. Alcohol and water are also indicated by a greater 
density, and consequently a lower specific gravity of the ether. 

Acids. — Neutral litmus-paper, when immersed in both 
strata in the cylinder, should remain unaltered, as also in the 
remainder of a little of the ether when evaporated in a porce- 
lain capsule. 

Estimation of the ethyl acetate contained in acetic ether. 
Fifty grains of pure crystallized barium hydrate are introduced 
into a 2-ounce vial, with so much water as to leave room for 20 
grains of the ether ; the vial is then corked and weighed, and 
20 grains of acetic ether are added. The flask is then tightly 
closed, and allowed to stand in a warm place or in tepid water, 
agitating it occasionally for several hours, until the ethereal 
odor of the liquid has entirely ceased. The contents of the flaak 
are then emptied into a beaker or flask, the flask being rinsed 
with a little water to avoid loss. Carbonic-acid gas is now 
passed into the liquid until this has an acid reaction ; it is then 
warmed, the turbid liquid transferred to a filter, and the pre- 
cipitate washed by means of a washing-bottle. The entire fil- 
trate is completely precipitated with diluted sulphuric acid; 
the ensuing precipitate is collected upon a moistened tared fil- 
ter, washed, dried, and weighed. The weight of the precipi- 
tate, divided by 1.32, gives, as a quotient, the quantity of ethyl 
acetate contained in 20 grains of the acetic ether, which result, 
multiplied by five, gives the percentage. 
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AI.OOHOI.. 
SPDHTTS RECTIFICATC& 

E(hyt AleohoL 

Aloohol kbsolulum, Spirltua ^loohollBKtna. ^prr. gnr, ATSA. I 

Df rfiftj tkobot bjr tvlvoie. 
Alcohol fortius, BplHtiu raoUflcatlBaiinaa. Bp«. jcnt., O^iT. WpcrcML 

of n»l «1ddIkiI bj tdIhidc. 
Aloohol i«ctiflcataxa. Btiirltoa ractlfloKtna. Spec. gniT. Q.683. W peram, 

by toloimi. ofiHl (IhiIkI. 
Aleohol dilutnm, Splrlttu (•nolnoi'- BpM. pir^ <IlHI. M per not. of ml 

(Indiiil br iDtiiiM. 

A colorless, limpid, neutral liquid, inflammable, and bom- 
in;t with a bine flame, without emoke ; its spec. grav. ia 0.795 
«t 15" C ; ita boiling-point at 78.4° C. ; it ismiacible in all pro- 
portions witli most liquid bodies, except the fatty oils, «ud, 
next to water, is the most extensive and important solvent ; it 
combines with some salts, forming alcoholates. Anbrdroua 
alcohol has a great attraction for water, absorbing its vapor 
from the atmosphere, and abstracting the moisture from or- 
ganic substances immersed in it. In the act of dilution, a con- 
traction of volume and an increase of the temperature of the 
mLxtare take place. When 55 volnmes of abeolute alcohol are 
mixed with 45 volmnes of water, the mixture, atter cooling, 
will occupy only 96.2 volumes, having therefore snffered a con- 
traction of 3.S per cent. : and, vuy versa, an expandon of tcJ- 
ume takes place when diluted aleobol is mixed with water: 
e. g., when 100 volnmes of alcohol, of a spec. grav. of 0.966^ 
containing 28 per cent., by volome, of real alcohol, are mixed 
with SO volnmes of water, 153 volumes will be obtained. 

The percentage of real alcohol in its aqueons dilntJoos can 
be determined approximately, but acourately enoagh for toy 
praetical purpose, by ascertaining its specific gravity at a 
known lemperatnre. The specific gravity of any sample of al- 
cohol established will, by Uie aid of the following table, at 
OQce indicate the percentage of real alcohol : 
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^waet-oU (a mixtare of ethjl and anjl aloobob, eoatainin^ 
tiaeet of propjUc, buTfUe, aod otber aleobt^} and a ldAy i t : 
wm^ be detected bj ii»i-™y aboat half aa ounee of the aleohol 
with aa equal Tdnme of pore etber, aad by Mbseqneotlj* add- 
iag an amoBDt of water eqaal to the Tolaiae of the mixtira ; 
the whole is ehaken, and, when eofasidance baa taken plaee, die 
etbetcal tajer b deeanted and evaporated at the eommm, or at 
a di^lT^mieed, temperature. Afto- the eraporatioa of tbe 
ethor, the remainder will give the characteriatie odor of faael 
oH, or of anT fiaTOR iodieative of a preTioos emji^oTniefit of 
the akaiw] for tbe extnctioD of vegetable sobetsncei. 

JfyAyl Ateohot. — ^Amonj^ the s«vetal methods for the detee- 
tioB of methvlic alcohol aa an admixtare in ethvl alcohol, tbe 
following is least open to objection : Thirtv grains of powdered 
potassiom bichromate are di^^aolved. in a little flask, in half aa 
oonce of water ; 35 divps of oooeeotrated talphoric acid, and 
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Bnbseqnently 40 drops of \he alcoliol ander examinatiuD, are 
added, and tbe flask cloEed with a cork provided witli a deliv- 
ery-tube, leading into a large test-tube, cooled in ice- water (Fig. 
42). After allowing tbe mixture to Btand for about a quarter 
of an bour, the flask is gently warmed until about half a fluid- 
ounce of distillate ia obtained ; the distillate is then Blightl; 
over-saturated with a little crystallized sodium carbonate, and 
evaporated to the bulk of about one-quarter of an ounce ; when 
cool, it is filtered into a smalt test-tube, and then slightly over- 




saturated with a few drops of acetic acid ; 20 drops of solution 
of argentic nitrate (1:20) are then added, and tbe mixture 
gently heated for a few minutes. If the liquid merely darkens 
a little, but continues quite translucent, the nlcoliol is free from 
methylic alcohol ; but, if a dark-brown or black precipitate of 
reduced silver separates, and tbe test-tube, after being rinsed 
and filled with water, shows upon its interior a brilliant metal- 
lic resplendence, vrhich, when seen against white paper, ap- 
pears brown by transmitted light, the alcohol is methylated. 
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AUKIHOI. AarSXICTTM. 

Ami/lU) Aleohol FumI-OH. 

A colorless or pale-yellow, tDobile, oily liquid, of a. strong, 
offensive odor, and acrid, bumiiig toete ; its epcc. gruv. is 0.8IS 
and its boiiing-point between 132° and 133' C. ; it solidifies at 
about — 22° C. When dropped upon water, it floats upon tlie 
surface like an oil. Fusel-oil requires about 40 parte of water 
for solution ; it ia miscible, in all proportions, with alcohol, 
ether, carbon bisulphide, chloroform, and essential and fatty 
oils; it diasolves iodine, sulphur, phosphorus, camphor, and 
resins. Three parts of amylic alcohol mixed villi two parts of 
concentrated sulphuric acid, form a puqjle mixture, from which 
the alcohol separates unaltered upon dilution with water; wheo 
the mixture, however, has been allowed to stand for severalj 
hours, amyl-Bulphuric acid is formed, which is soluble iu water.] 
When a mixture of amylic alcohol with strong sulphuric acid i 
heated with a fragment of potassium bichromate, the odor of I 
valerianic acid is evolved. Amylic alcohol does not take firol 
by contact with a flame, and, when dropped on paper, does aofcj 
leave a permanent greasy stain. 



ALnilKlI ET POTASSII SULPHAS. ALUMIKn ET AMMOXn SULPHAS. 



Colorless, transparent, octahedral crystals, which often ex- 
hibit the faces of a cube, permanent in the air; when exposed 
to heat, they undergo aqueous fusion at about 100° 0., and, at . 
a stronger heat, lose their water of crystallization, and awell op 
to 8 white pon>u9 ma^, which, when moistened with a few i 
drops of solution of cobaltous nitrate and reheated, assumes ■ 
blue color. 

Alum is soluble in 25.3 parts of water at 0° C, and in about . 
15 parts of cold, and in its own weight of boiling, water; it 
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also soluble in glycerin, but insoluble in alcohol, ether, and 
chloroform. Its solution has a sweetish, astringent taste, red- 
dens litmus-paper, and gives a bulky white precipitate with 
the alkaline hydrates, of which that with potassium or sodium 
hydrate is soluble in an excess of the reagent, but it is repre- 
cipitated by ammonium chloride ; the alkaline carbonates and 
phosphates, and solutions of barium salts, also throw down 
white precipitates. 

Most commercial alum is a mixture of ammonium and po- 
tassium alum, the former being substituted, to a greater or less 
extent, for the latter; since their properties are almost the 
same, this admixture is of little consequence in the common 
uses of alum. Potassium alum consists, in 100 parts, of 18.39 
parts of potassium sulphate, 36.14 parts of aluminium sulphate, 
and 45.47 parts of water of crystallization ; while ammonium 
alum contains, in 100 parts, 14.58 of ammonium sulphate, 
37.83 of aluminium sulphate, and 47.59 of water of crystalliza- 
tion. The presence of ammonium alum is recognized by the 
odor of ammonia, and by its reaction upon moistened red test- 
paper, and with a glass rod moistened with acetic acid, when a 
little of the powdered alum is heated in liquor potassse. 

Examination: 

Iron is recognized in 'the solution of alum, after the addi- 
tion of a few drops of sulphuric acid, by a blue coloration when 
tested with potassium ferrocyanide : most crude alum contains 
traces of ferric salts ; their quantity, however, should not be so 
considerable as to produce a purple coloration of a solution of 
the alum upon the addition of a few drops of solution of tannic 
acid. 

Other metaUio impurities may be detected in the solution, 
after addition of a little tartaric acid and subsequent over-satu- 
ration with liquor potasssB, by ammonium sulphydrate; a dark 
coloration or precipitate indicates metallic impurities; a white 
precipitate, not disappearing upon addition of potassium hy- 
drate, would show zinc. If required, the nature of such pre- 
cipitate may be determined by the method described on pagea 
41 to 43. 



XAAXAL OF CHEUCAL AXALTStS. 



ALUKJJm SUUVAM. 



ALmlXtm SCLFHCIICC*. 



A white crTsUlline powder, or email pearlj plates, of a so 
Bweet and agtriDgent taete, permanent in the air ; when exposed 
to heat the salt fuses, loees at first the water of crjgtallizatioa, 
and, at a etroog beat, the Kolpbaric acid abo, learin^ behind 
alamininiu oxide (alamina or aij^Ia), which, wliea moistened 
with Eolation of cobaltoaa nitrate and reheated, aBaomea ^ 
blue color. 

Aluminium sulphate is soluble in twice its weight of c<^d 
water, forming a dear solutioa, of an acid reaction and astrin- 
gent taste, which affords a balky white precipitate with the al- 
kaline hydrates, of which that with the fixed hydrates is 6(^oble 
in an excess of the precipitant (evidence of the abeenee of ma^ 
oeeium), but U precipitated again apon addition of ammoaiom 
chloride. The alkaline solution should yi^ no reaction upon 
the addition of a few drops of ammuninm snlphrdrate ; the oo- 
eorrenoe of a brown or yellowiah-red precipitate would indicate 
ferric and mon^atue eatts, and of a white one, £tfic 



AXXOim BSnOAA. 
AHHOMm BEKZOIOITH. 

Small, colorkes, shining, thin, fbtussided, tabular erjstala, 
deliqaescent in the air, and hariog a feeble od<» of beaxQie 
acid, and a saline, somewhat balsamic, and bitterish taste. 
When heated, the salt sablimes without residue. It is soluble 
in water, glycerin, and alcohol ; its aqueous solution, if not too 
dilate, emits the odor of ammonia when heated with potasunm 
bydrate, and gitres a white precipitate of benzoic acid upon ad- 
ditioo of hydrochloric acid, and a copiooe, pale, reddish-yellow 
precipitate with ferric salts. The diluted solution of ammo- 
nium beozoAte must remain clear when mixed with lime-watsr 
(eridence of the absence of ammonium oxalate). 
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AMMONIUM BROMATUM. 
Bromide of Ammonium. Ammonium Bromidi. 

Colorless, transparent, anhydroos* crystals, or a granular 
salt, wliich, by the action of the atmospheric oxygen, gradually 
becomes yellow ; entirely volatile by heat, and subUming un- 
changed. 

Ammonium bromide is soluble in 1\ part of cold water, in 
about 15 parts of alcohol, and but sparingly in ether. Its solu- 
tion has a saline, pungent taste, is neutral, and, when dropped 
into a dilute solution of argentic nitrate, acidulated with a few 
drops of nitric acid, gives a white, curdy precipitate, soluble 
upon addition of aqua ammonise ; when dropped into a very 
dilute solution of mercuric chloride, no reaction takes place 
(distinction from alkaline iodides). When the aqueous solution 
is mixed with a little mucilage of starch, and afterward with a 
little chlorine-water, a yellowish coloration takes place, which 
will transfer its color to chloroform, ether, or carbon bisul- 
phide, when added and agitated with the solution. A blue 
tint upon the addition of the chlorine-water, and a violet or 
reddish coloration of the chloroform, would indicate iodides. 
Heated with potassium hydrate, it emits the odor of ammonia. 

Examination: 

Ammonium hromaie is detected in the aqueous solution by 
an ensuing red coloration upon the addition of concentrated 
hydrochloric acid. 

Ammonitim chloride^ as an admixture, may approximately 
be ascertained by completely precipitating a solution of 10 
grains of the dry crystallized salt in one ounce of water, acidu- 
lated with nitric acid, by a solution of argentic nitrate ; the 
precipitate is collected upon a moist double filter, both being 
of equal size, is washed, dried, and, when completely dry, 
weighed, the one filter serving to counterpoise the other one, 
which contains the precipitate ; if the salt was pure ammo- 
nium bromide, the obtained argentic bromide must weigh 
19.15 grains ; if it contained alkaline chloride, the weight will 
be greater in proportion to the quantity of the latter. 
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AXMOVn CABBOVA& 

AimOXIClt CARBONtCCH. 
Carbonate of AmmeniKm, Ainmo*iiim Sofui-earbonatt. 

Colorless, hard, translncent, crTstalline ma^^es, of a strong 
smmoniacal odor, completely volatile, »-ithoat fasioo, whea 
lieated ; exposed to tbe air, the salt decomposes rapidly, giving 
off irater and am m on i am hydrate, and is converted into a 
wliite, upaquc, pnlvernlent mass of ammoniam bicarbonate, 
which reqnires eight parts of cold water tor ^olntion, while tbe 
eceqni-carbonate dissolves in fonr parts of water. Ammonitun 
aesqni-carbonate is solable in about five parts of glycerin ; it u 
bat sparingly soluble in alcohol, and dissolves in acids with 
effervescence ; one drachm of the salt requires for Batnntioa 
71.16 graioB of citric, and 76.26 grains of tartaric, acid. 

Volum^ric EgHtaaiion, see page 58. 

Exanisation : 

Ammonium bicarbonate is already indicated by the change 
of the hard crystalline state of the salt into the soft one; it ia 
farther recognized bj agitating one draohm of tbe triturated 
salt with from five to six drachms of cold water; in this case, 
pore sesqui -carbon ate renders a clear solntion, while the bicar- 
bonate will not dissolve until two or three more drachms of 
water have been added. 

Ammonmm tulphate is detected in the aqueous solution, 
over-saturated with nitric acid, by a white precipitate with ba- 
rium nitrate. 

Ammonium clUorids and KypotulphiU are recognized in 
the aqueous solution, over-saturated with acetic acid, by testing 
it with argentic nitrate; a white precipitate, insoluble in di- 
luted nitric acid, will indicate chloride; a white turbidity, 
which gradually turns black, indicates hyposnlphite. 

Metals are detected in tbe aqueous solution, over<aturated 
with nitric acid, by bydrosulphnric acid. 
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AMMOKII MURIAS. AMMONIUM CHLORATUM. SAL AMMONIACUM. 

Ammonium Chloride, 

A colorless anhydroos salt, either in translacent, crystalline 
masses, of a tough fibrous texture, or in small cubic or octahe- 
dral crystals, or a granular white powder. When heated, the 
salt volatilizes without fusion or decomposition, and condenses, 
upon cooling, in thick white fumes ; it yields a white and soft 
streak when scratched with a knife ; and remains white, and 
evolves the odor of ammonia, when moistened with liquor po- 
tassce. 

Ammonium chloride is soluble in three parts of cold, and in 
its own weight of boiling, water, and in about six parts of glyc- 
erin, but only sparingly in alcohol, and not at all in ether or 
chloroform ; its aqueous solution has a sharp, saline taste, red- 
dens blue litmus-paper, emits the odor of ammonia when heat- 
ed with liquor potass®, and forms a copious, curdy, white pre- 
cipitate with argentic nitrate. 

Examination: 

Sulphates are detected in the diluted solution by a white 
precipitate, when tested with barium nitrate. 

Fixed impurities are indicated by a residue left after com- 
plete volatilization of the ammonium chloride, upon platinum- 
foil or in a porcelain crucible. 

Metallic impurities may be detected in the aqueous solution 
by a coloration or precipitate when tested with hydrosulphuric 
acid, and by subsequent addition of aqua ammonise ; if a pre- 
cipitate be formed with the first reagent, it is collected upon 
a filter, after several hours' digestion, and the filtrate is then 
rendered alkaline with ammonium hydrate ; if a second pre- 
cipitate be then formed, it is also collected. The first precipi- 
tate may contain tin, copper, and zinc ; the second one, iron 
and manganese ; if required, they may be discriminated by the 
methods described on pages 41 to 43. 

Iron may also be recognized at once by a blue coloration, 
when the solution of the salt is acidulated with hydrochloric 
acid, and tested with potassium ferrocyanide. 
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AXMCnm IODID1TK. 

AHMOXIUM lODATCM. 

Iodide i{^ J nmon »'(>». Annumium lodid*^ 

A white, granular, crrstalline salt, which, when exposed to 
the air, becomes yellowish or reddish brown, from oxidation 
and consequent liberation of a minute qnantity of iodine. 
When heated, it is completely Tolatilized with the erolation 
of purple vapors. 

AmmoDiiim iodide is very Bolnble in water, and freely soId- 
ble in alcohol (distinction from ammonium and potassiiim 
bromides, which are less solable in alcohol) ; its solution has a 
pungent, saline taste, and emits the odor of ammonia when 
heated with liquor potassse; it yields a red precipitate with 
merciirie bichloride, and a yellowish-white one with argentic 
nitrate, which latter precipitate remains unchanged npon the 
addition of dilute nitric acid and of aqua ammonia; the solu- 
tion assumes a blue color upon the addition of mucilage of 
starch and a little chlorine-water. 

Xixamination : 

An admixture of alkaline iodides, bromides, or chlorides, is ; 
approximately recofi^nized, when a concentrated aqueons soln-' 
tion of the salt is dropped into strong alcohol ; the liquid mnat 
remain clear; the separation of a white crystalline powder 
would indicate such an admixture. 

Chlorideg and hromidga are detected by completely precipi- 
tating the Eolntioii of the salt with argentic nitrate, and by sub* 
sequent addition of aqua ammoniie; the liltratc is then over- 
saturated with nitric acid ; a slight turbidity may take place J 
a white precipitate would indicate chlorides and bromides. In 
this case, and in order to distinguish ai^entic chloride or bro- 
mide, the precipitate is collected and washed npon a filter, and. 
is then rinsed thrwngh the pierced filter into a tost-tnbe ; the' 
supernatant water is decante<l as far as practicable, and frooj. 
chlorine-water is poured npon and agitated with the silver salt. 
This will remain unchanged if it consists of argentic chloride, 
hut, if it contains argentic bromide, the chlorine-water assnnie|> 
a yellowish or reddish color, which will also be absorbed b] 
chloroform, when agitated with the liquid. 
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Sulphate maj be detected in the dilated solution, acidulated 
with tartaric acid, by a white precipitate upon the addition of 
a few drops of barium nitrate. 



AMMONIUM XITBICUM. 
NUraU fffAmmonium. Amnumium KitraU, 

Long, flexible needles, or a fibrous crystalline mass, when 
obtained by crystallization above 4^ C, and large six-sided 
prisms, terminated by six-sided pyramids, when crystallized at 
a temperature below 38** C. ; they contain four molecules of 
water of crystallization, which evaporates slowly at common 
tempei'atures. Exposed to the air, ammonium nitrate deli- 
quesces slightly, loses ammonium hydrate, and becomes acid ; 
it fuses at 108** C, commences boiling at 180** C, and between 
210** and 240** C. it is resolved and entirely volatilized into 
watery vapor and nitrous-oxide gas. TVTien heated rapidly, 
ammonium hydrate, nitric oxide, and ammonium nitrite, are 
also formed ; when thrown upon a red-hot surface, it bums 
with a slight noise and a pale-yellow flame ; in contact with 
heated combustible matter, it deflagrates, like all nitrates. 

Ammonium nitrate dissolves in about half its weight of cold 
water, producing considerable depression of temperature ; it is 
also soluble in twice its weight of alcohol, so that its concen- 
trated aqueous solution remains perfectly limpid upon addition 
of strong alcohol. Its aqueous solution emits the odor of am- 
monium hydrate, when heated with liquor potassse ; and when 
mixed with a few drops of a solution of ferrous sulphate, and 
carefully poured upon concentrated sulphuric acid, it affords a 
dark zone at the junction of the liquids, characteristic of the 
oxides of nitrogen. 

SzamiiiEtioii ! 

Ammonium chloride and sulphate may be detected by white 
precipitates, when the dilute aqueous solution of the salt is 
acidulated with nitric acid and tested in separate portions, with 

9 
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argentic Dttrate for the former salt, and with barinm nitrate 
for the latter. 



AKMOini FHOSPSA8. 



AUUONIUU PnoSPHORIGDH 



Photpkatd of A 



Tri-bane Ammonium Phofphatt. 
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Transparent, colorle&a prisms, efflorescent in the air; when 
lieated upon platinum-foil, amntoiiiuni iiydrate, and subse- 
quently thick, wliite vapoi-s of phosphoric acid, are evolved, 
and the salt is wholly diseipated at a red heat. When treated 
with liquor potassie, ammonium hydrate is given otf. 

Ammonium phosphate is readily and freely soluble in water, 
but insoluble in alcohol; its solution is slightly alkaline, bat, 
when the salt haa been exposed to the air or is old, the solution 
is neutral, or even acid, from the Iops of ammonium hydrate; 
this reaction, with the formation of an acidulous ammonium 
phosphate, takes place when the alkaline solution oftlie salt is 
boiled. 

With solution of argentic nitrate, the diluted solution of 
ammonium phosphate gives a yellow precipitate, soluble upon 
addition of ammonium hydrate, as well as of nitric acid. It 
most give no reaction with ammonium sulphydrate, and, after 
ftcidulation with diluted hydrochloric acid, none with hydro- 
Bulphuric Bcid or with barium chloride. A precipitate with 
the first two reagents would indicate metah, a white precipi- 
tate with the latter reagent, insoluble in diluted nitric acid, 
would indicate ealphate. 

If a solution of twenty grains of ammonium phosphate is 
completely precipitated with solution of ammoniated magne- 
sium snlphate, and the precipitate collected and washed upon 
a filter with diluted aqua ammonia:, dried, and subsequently 
heated to redness in a tared porcelain crucible, the residue 
obtained must weigh 1C.8 grains. 
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AXMOVU YALKBJAJXAB. 

AMMONIUM YALEBIAKIGUM. 
Valerianate <{f Ammonium. Ammonium Valerianate, 

Colorless, transparent, quadrangular plates, or a white, 
translucent, crystalline mass, with the odor of valerianic acid. 
When heated, the salt melts and emits vapors of the odor of 
ammonium hydrate and of valerianic acid ; at a stronger heat 
it becomes black, with the evolution of pungent, inflammable 
vapors, and is at last wholly dissipated. It is decomposed, and 
emits the odor of ammonium hydrate, when heated in liquor 
potasses. 

Ammonium valerianate is deliquescent in moist air, and is 
freely soluble in water, glycerin, and alcohol; its aqueous solu- 
tion, if not very dilute, separates, upon super-saturation with 
acids, an oily layer of valerianic acid. The underlying aqueous 
liquid, when nearly saturated with aqua ammonise, must not 
become red upon the addition of one drop of dilute solution of 
ferric chloride, for in this case acetic cund (admixture of potas- 
sium or sodium acetate) would be indicated, which may also 
be recognized by a fixed residue upon complete dissipation of 
the salt upon platinum-foil, which residue will effervesce when 
moistened with one drop of concentrated hydrochloric acid. 



ANTZKOHn ET POTASSH TABTRA8. 

ANTIMONIUM TARTARATUM. AXflMONIUM ET POTASSIUM TARTA- 

RICDM. TARTARUS STIBIATUS. 

Tartar Emetic. Potas$io-antimoniou8 Tartrate. 

Colorless, transparent, triangular-faced crystals, or a white 
powder. The crj-stals contain one molecule (2.7 per cent.) of 
water of crystallization ; they effloresce slightly when exposed 
to the air, and lose their water of crystallization completely at 
110® C, becoming white and opaque; when heated, they do- 
crepitate and blacken ; when powdered and heated in a dry 
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tCBt-tnbe, tartar emetic emits soar empjreamatic vapcHfs, and 
leavefl a charred residue which, when cuoi, tonus moist turmeric- 
paper brown ; when the residue is placed upon cliarcosl and 
heated before the blow-pipe, white fumes are evolved, coating 
the coal, and brittle globules of antimony are formed. 

Tartar emetic dissolres io about lo parts of cold, and 3 to 
3| parU of boiling, water; it is almost insoluble in aleohoL 
Its solution baa a nauseous metallic taste, a Uigbtlj acid reac- 
tion upon blue litmus-paper, and gradually decomposes if not 
containing a small addition of alcohol ; it is decomposed both 
by acids (except acetic, tartaric, and citric acids) and bj alkft- 
Une hydrates ; an excess of the latter redissoh'es the precipitate; 
it is also precipitated by all soluble carbonates, but not by bicar- 
bonates. Hydrosulphuric acid produces an orange-red colom- 
lion in concentrated solutions of tartar emetic, and gradually 
a precipitate of the same color ; in very dilute solutions, only 
a coloration takes place ; bat, upon warming, or upon the 
addition of an acid, or when the tartar emetic is contaminated 
with potassium bitartrate, a turbidity ensues immediately. 

Solution of tartar emetic reduces a solution of meroaric 
chloride to mercurons cldoride, gradually at common temper*- 
turea, and quickly at elevated ones. 

'BxnTnin M^'"' : 

Arsenic is indicated by the garlic-like odor when about 10 
grains of the powdered tartar emetic are charred in an iron 
spoon, or ia a porcelain crucible, and subsequently heated to 
redness. 

If the result of this test be doubtful, or confirmatory evi- 
dence be required, about 10 grains of the finely-powdered tap- 
tar emetic are dissolved in a test-tube in about tiiree fluid- 
drachms of concentrated liydrochloric acid, to which from 30 
to 50 drops of water have been added ; then a few pieces of tin- 
foil (real tin), or, if this be not at hand, about 35 drops of con- 
centrated solution of stannous chloride, are added to the solu- 
tion, and this heated to boiling ; the liquid must remain clear 
and colorless on cooling; a brown turbidity or precipitate 
would indicate arsenic. 

Chlorides and sulphaU* may be detected in the aqueous 
Bolutiou of tartar emetic, to which a little tartaric acid haa 
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been added, by testing it in separate portions, witli argentic 
nitrate for tbe former, and barium nitrate for tlie latter. A 
white precipitate in either instance would indicate tbe re- 
spective impurity. 

Potaasium Sitartrate. — An admixture of tbia salt may be 
approximately recognized by tbe difference of the solubility of 
tiirtar emetic (1-13) and of cream of tartar (1,184) in cold 
water ; when, therefore, one part of the tartar emetic is agitated 
with 10 to 18 parts of warm water (27 grains of the former in 
one ounce of the latter), a complete solution must take place, 
and remain unchanged after cooling. If cream of tartar be 
present, it will eeparate in 
small crystals. 

The absence of any admix* 
tare of potassium bitartrate or 
other Baits may be established 
either by completely precipi- 
tating an aqueous solution of 
20 grains of tartar emetic 
with hydrosulphnric-acid gas, 
whereby a precipitate is ob- 
tained which, when collected, 
washed, and completely dried 
upon a tared tilter, muat 
weigh 9.01 grains ; or by 
volumetiic estimation of a 
solution of one gramme of 
tartar emetic in 30 grammes 
of water, to which have been 
added 5 grammes of a satu- 
rated solution of potassium 
bicarbonate, and subsequent- 
ly a little mucilage of starch. 
To this solution, test-solution 
of iodine is added from a bu- 
rette (Fig, 43), with constant 
gentle agitation of tlie liquid, 

until this just actjuires a fixed blue tint. The quantity of io- 
dine required, multiplied by 1.315, gives as product the quan- 
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tily of poUfeio-aBtinuKuois Uitrkte coDiuaed in one grarome 
of the Urtar emetics If the Urtar emetic was pure, 60 centi- 
metres of the te6t-EoIotion most have been required for the 
reaction. 
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AKTIHOITIUII SBU STIBIUM OITDATtrV. 

A grarish-white or pale-bnS* powder, when obtained by 
precipitation ; or email, colorless, transparent, brilliant needles, 
when obtained by snblimation (Flures Antimonii). Whrai 
heated, antimonioas oxide becomes jellow, and fnses at a doll- 
red beat, forming a yellowish liquid, which soliditios, on cool- 
ing, into a crrstaliine ina^of a pearl color; at a stronger heat, 
it volatilizes in white vapors; when mixed and heated with 
exsiccated sodium carbonate on charcoal before the blow-pipe, 
antimonious oxide is reduced, forming globules of metallic 
antimony which are brittle when cold. 

Antimonioas oxide is insoluble in water and in aqna ammo- 
nise, sparingly soluble in nitric and in acetic acid, but readily 
soluble in warm hydrochloric acid, in warm liquor potasss or 
sodae, and in solutions of tartaric acid, and the alkaline tar^ 
tratea. Its acid eolutiong afford an orange-red precipitate with 
faydroenlphnric acid ; its solutions in the fixed alkaline hydrates 
are not acted upon by this reagent (dieitinction from aUcalioe 
Bolntione of salts of lead and ainc), but, with argentic nitrate, a 
black precipitate is formed, insoluble upon addition of ammi>- 
nium hydrate. 

Examination : 

Antimonic oxide would be indicated by a turbid!^ on di^ 
solving the uxide in warm liydrochloric acid. 

Antimmiious oxy-chloride (Algarotli'a Powder) is indicated 
by a white precipitate, when a diluted solution of the oxide in 
an excess of tartaric acid is tested with argentic nitrate ; its 
presence may be confirmed by digesting a little of the oxide for ■ 
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about one hour with a dilute solution of sodium carbonate, and 
bj testing the subsequent filtrate, after over-saturation with 
nitric acid, with argentic nitrate. 

Arsenic is recognized by the garlic-like odor, when a little 
of the oxide is mixed and subsequently fused and reduced upon 
charcoal before the blow-pipe. Its presence may be confirmed 
by dissolving about 10 grains of the oxide in about 3 fluid- 
drachms of concentrated hydrochloric acid, and by heating the 
solution either with a small piece of real tin-foil, or with about 
20 drops of a concentrated solution of stannous chloride. A 
brown turbidity would indicate arsenic. 



ANTIMONIUM OXY-SULPHURATUM. STIBIUM SULPHURATUM RUBEUM. 
Mineral Kernus, Sulphurated Antimony, Antimonious Oxy-iulphide, 

An insipid powder of a dark brick-red color, becoming 
gradually lighter by the action of air and light. It is a mix- 
ture of antimonious sulphide with a small and variable amount 
of antimonious oxide, the former appearing under the micro- 
scope in amorphous globules, or laminae, and the latter in small, 
colorless crystals, or fragments of such. When heated upon 
charcoal before the blow-pipe, mineral kermes fuses and bums 
away, with the evolution of white fumes, and the odor of sul- 
phurous acid ; heated with the addition of a little dried sodium 
carbonate, brittle globules of antimony are obtained. 

Antimonious oxy-sulphide is insoluble in water and alco- 
hol, but readily and wholly soluble in hydrochloric acid, which 
solution, after the hydrosulphuric acid has been completely 
expelled by heat, gives a white precipitate when dropped into 
water, which, however, is redissolved upon the addition of tar- 
taric acid ; this solution yields an orange-red precipitate with 
hydrosulphuric acid. 

Antimonious oxy-sulphide is only slightly soluble in ammo- ' 
nium hydrate, but warm liquor potasses dissolves the greater 
part of it, leaving behind the antimonious oxide, which may be 
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waihed in water sad difieolTeil in solatioa of tftrl 
these Bolreats are emplored in ibe rerened order, the oxide 
nwT be extracted first, leaviii^ tiebiml tlie solphide, qow com- 
pletely' solable in liquor [ 
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About bmlf % drwfam of kennes is a^tated with aboat two 
drachma of water; the filtrate must not afiect either blae or 
red litmtos-paper, nor lea?« a residue when eraporated npoD 
platiDiun-foil (thoagfi, wben pota^nm earboaate has been em- 
ployed instead of aodiun carbonate is the preparation of the 
kennea, tbe eolation generaDj contains tmeea of potaanom salt, 
and leares a small fixed lesidae). 

Atitimoitiotu Oxuit. — ^Tbe remaining kemteeof the preced- 
ing test is rinsed, with a little tepid water, thrungh the pierced 
filter into a teet-tnbe ; aboot 10 graing of tartaric acid are 
added, and the mixture i^tated for a few minates ; it is then 
filtered, and hTdro&alpboric acid added to the filtrate. Tbe 
ensaing turbidity will be in proportion to the (joauiity of anti- 
monioos oxide contained in the kerain. 

Artenic may be detected by di:£i»>lTinv aboat 10 grains of 
tbe kermes in aboat 3 flaid-drachm^ of boi hydrocUorie acid ; 
th& eolation is boiled nntil tbe odor of hyd^oc^Dlpbnric arid 
entirely ceases, and is then filtered; one fioid-dracbmof hydro- 
ehloric acid and a piece of tin-foil (reaij. or aboat ^ drops of a 
eoooentrated aolntioQ of atanitna dtlorid^ are now added, and 
the mixture beated ; it mart leasaia elear, m a brown tsrlad> 
ity WDold indicate tbe presence of aiaenic 

Thfl fiiUowing oonfirmatory test may also be emplOTed : 
Half a dradua of tbe antimooious oxy-«aIphide and six floid- 
draduna of bydrodtloric acid of U ^ to 1.15 spec grar. are 
iatrodoeed into a miall fiaak, wbieh is prorided, by innaii of • 
twiee-pctftttated cork, with a faaaeMabe reachi^ noatiy to 
the bottom of the fiaek, and with a loi^ deliTenr-tobe, the end 
of which dlpa into a little hydrocfalorie arid ia a long teot-tsbe 
eooled in ke-water (Fig. 44V Heat k applied to tbe fiaak nn- 
tilgeatle boiling ensaea. and this is eontinoed nntil neariy half 
of the Bqmd has dirtiDed over, the orifiee of the deliv«74abe 
beiag eowtaady kept bdow the level of tbe acid. If aneak 
be pRsevt, a yetknr deposit within the defirery^i^ above the 
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recipient, and a tnrbidity of the hydrochloric acid and distil- 
late in the receivinj^-tabe, will occur, wliicb latter appears at 
first white, but gradually, when allowed to stand in the corked 
test-tube, becomes a yellow, flocculent precipitate. 

If the precipitate be consitlerabie, it should be collected 
upon a filter, washed with a few drops of water, dried, and 
transferred, with a little potassium cyanide, into a dry reduc- 
tion-tube; when the humidity is expelled by a gentle heat, 
etroDger heat ia applied to prodnce the arsenic mirror. 

AdmixtnreB oi ferric or ferrous oxides are readily detected 
by an infugtblo brown residne when the mineral kormes is fused 
npon charcoal before the blow-pipe ; and in the solntion of the 
kermes in hydrochloric acid, if, when diliiterl and filtered, it 
yields a deep-blue turbidity upon the addition of potassium 
ferrocyanide. Admixtures of powdered silicates (brick-stone, 
etc.) remain unfiised before the blow-pipe, and undissolved in 
hydrochloric acid. 
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SattM Sulpkid4 of AhUmtn)/. Tri-walfhida of AiiAimoii.y. An^moMout 
SvXphidt. 

Heavy fused masses which, when brokeo, present a etriatedlj 
crystalline tentnre, and a lcad-f;ray metallic hrilliancy ; when 
pulverized, they form a dark iron^ray powder. Spec grar. 
about 4.G. When heated upon charcoal before the hlow-pipe, 
black antimonioiis Gulphide fuses and bums, emitting thick 
white fumea and the odor of Eulphuroua acid ; when mixed with 
some dried sodium carbonate atid potassiiimcyanide, and heated 
in the same way, metallic globules are obtained, which 
brittle when cooled. 

Black antimonious sulphide, when reduced to a fine 
der, is soluble in concentrated boiling hydrochloric, nitric, 
sulphuric acids, and in a strong boiling solution of potassiiui' 
hydrate. The solution in hydrochloric acid, when dropped' 
into water, produces a copious white turbidily, which 
orange-red upon addition of hydrosulphuric acid (a hrown or 
black color of the precipitate would indicate the presence of 
lead or other metals). 

The native antimonious sulphide generally contains snl' 
phides of iron, lead, copper, and arsenic ; and there are also 
found, especially in the commercial black powder, silicates and 
mineral admixtures. 



Araenic may be detected by dissolving about 15 gniiu of 
the black antimonious sulphide in 3 fluid-draciims of boiling 
concentrated hydrochloric acid ; when the hydrosnlphDric acid 
is expelled bv continued boiling, the solution is filtered into a 
teat-tube, and the filtrate, after the addition of 1 fluid-drachm 
of concentrated hydrochloric acid and about 20 drops of a con- 
centrated solution of stannous chloride, is heated to boitiog; a 
brown turbidity would indicate arsenic. 

Arsenic and Lead. — Another test for arsenic may be com- 
bined with that for lead. Half a drachm of the black antimo* 
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niouB sulphide is treated with 6 drachms of hydrochloric acid 
in exactly the same mode as described on page 136, the opera- 
tion, as well as the process, being the same. If the sulphide 
contains any arsenic, a yellow deposit will be formed in the de- 
livery-tube, and the hydrochloric acid of the receiver will show 
a turbidity, which is at first white, but becomes gradually a 
yellow flocculent precipitate. If the sulphide contains lead, 
this will be indicated in the remainder in the flask, by the for- 
mation of small white needles after cooling, which will increase 
in quantity upon the addition of a dilate solution of tartaric 
acid. They may be collected upon a filter, washed with cold 
diluted hydrochloric acid, and subsequently dissolved upon the 
filter in boiling water ; the obtained filtrate is, if necessary, 
refiltered until clear, and is then tested for lead in separate 
portions, by sulphuric acid, by potassium iodide, and by hydro- 
sulphuric acid. 

MetaU may be detected in black antimonious sulphide by 
dissolving a little of it in boiling nitric acid ; the solution is 
diluted with about four times its bulk of water, is filtered until 
clear, and is then tested in separate portions with one drop of 
sulphuric acid for lead^ with potassium ferrocyanide for iroUy 
and by over-saturation with ammonium hydrate for copper ; in 
the latter test the liquid has to be filtered, if necessary, and the 
filtrate will have a bluish appearance, if copper is present. 

Admixtures of black manganic peroxide, of pyrites, and of 
other crude minerals, are recognized by dissolving the black 
powder in boiling hydrochloric acid ; the first-named gives rise 
to the evolution of chlorine, the latter remain mostly undia< 
solved. 

The artificially-prepared black antimonious sulphide con- 
tains frequently more or less metallic antimony, which may be 
recognized by its insolubility in warm hydrochloric acid, re- 
maining behind in minute brilliant iron-gray particles, which, 
however, dissolve upon the addition of potassium chlorate. 
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the preeeding teftt, bj adding a few grain* of tartaric acid and 
igHating the mislnre for a few minatea ; the lobceqneot filtrala 
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is then tested witL hydrosulph uric acid; the occurrence of an 
orange red turbidity or precipitate would indicate aQtiinoniouB 
oxide. 

Antimonious Sulphide. — A small portion of the goldeo 
sulphur, treated with solution of tartaric acid, and left in the 
flaak or test-tube, is waehed, and then repeatedly treated with 
ammonium hydrate; complete solution must enaue, as a brown 
remainder would indicate antimonious sulphide. 

Arsenic may be detected by triturating about 10 grains of 
the antimonic sulphide and 10 grains of sodium bicarbonate 
with half a fluidounce of water ; the mixture ia macerated in a 




'Oorked flask for about half an hour, with occasional agitation, 
ia then filtered, and the filtrate over-saturated with hydrochloric 
acid ; a lemon yellow precipitate, occurring at once or after a 
short time, would indicate arsenic. 

Another test for arsenic is to dissolve 10 grains of the an- 
timunic sulphide in about 3 fluid-drachms of concentrated 
hydrochloric acid, diluted with 30 drops of water ; the solution 
ia heated until the hydrosnlphuric acid is completely expelled ; 
it is then filtered, and the'tiltrate, afler the addition of 1 fluid- 
drachm of hydrochloric acid, and about ten drops of ccncen- 
trated solution of stannous chloride, ia heated to boiling; an 

K-fftsaing brown turbidity would indicate arsenic. 
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If a confirmatory test is required, some of the antimonie 
salphide may be mixed and agitated for a few minutes witli a 
cold saturated solntion of crystallized ammoninm carbonate ; 
the Enbsequent filtrate ia evaporated to dryness in a porcelain 
capenle; the residue ia ecraped off by means of a pestle and a 
little powdered magnesite or pnmice-etone; after the addi- 
tion of a little potassium cyanide, the powder is once more 
warmed, and, when dry, is introduced into a warm reduction- 
tube, and heated to redness to produce the arsenic mirror 
(Fig. 45). 

Admixtures ofyifrrMrartVfM and of»i7/c<i^ are indicated by I 
their insolubility in potasBinm hydrate, as well as by their eta- J 
bility at a red heat upon chan-oal. Iron is recognized in the 
diluted and filtered hydrochloric-acid solution, by a blae tor^ J 
bidity with potaesium ferrocyanide. 



AaUA AUKOHUB. 

UQUOE AMMOSLB. AQUA SEC UQCOR AXMOSH CACSTICL 

SalutUm ofAtnmonia. Solution o/'Jmmoniunt Hydrate. 

Aqua ammoniie ia an aqneons solution of the gaseoua hydro- 
gen nitride called ammonia; this gas is soluble in water to an 
extraordinary degree, one volume of water at 0° C. absorbing 
11+9, and, at 15° C, 783 volumes of the gas ; the quantity of 
ammoninm hydrate contained in the commercial and officinal 
solutions varies from 33 to 10 per cent, by weight of gas, the 
latter strength corresponding with a spec. grav. of 0.958 — 0,960 
at 15° C, being the average strength of the aqua ammonise of 
the majority of the pharmacopceias. The United States and 
the British pharmacopoeias include also an almost-saturated 
solution. Aqua Ammonife fortior, the former of 0.900 Bpe& 
grav., containing 29 jier cent., the latter of 0.891 spec grav., 
containing 32,5 per cent, of the gas. 

Tliis gas is also soluble in alcohol, which solution is officinal 
as Spiritna Ammonise, or Spirltus Ammonii caustici Dzondii, 
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generally of a strength containing 10 to 12 per cent, of the 
gas. 

These solutions have the properties of the gaseous ammo- 
nium hydrate, its pungent odor, sharp burning taste, and cans- 
tic action upon animal membranes ; they have strong alkaline 
reactions, and form white fumes when brought into contact 
with the vapors of chlorine or acids, however diluted with 
atmospheric air they may be. Solution of ammonium hydrate 
is miscible with water, glycerin, and alcohol, and is saturated 
by all acids ; it decomposes and precipitates most of the earthy 
and metallic oxides from their compounds ; several of these 
precipitates are redissolved in an excess of the precipitant. 
It also precipitates most of the alkaloids. 

The purity of commercial aqua aromonise depends upon the 
mode of preparation, the materials employed, and the water 
used for the absorption of the gas. For medicinal use, distilled 
water ought to be employed, while this precaution is not re- 
quired for solutions used in the arts and trades. The strength 
of solutions of ammonia may be determined by ascertaining 
their specific gravity; this method, however, is reliable and 
accurate only when the water contains ammonium hydrate 
alone, and is free from other, and especially from fixed, sub- 
stances, which would increase the density of the solution. 

For Volumetric Eathnationy see page 58. 

Examination: 

Fixed substances are recognized by remaining behind upon 
evaporation of a little of the aqua ammonise upon platinum-foil 
or a watch-glass. 

Ammonium carbonate is detected by mixing equal volumes 
of aqua ammoniad and lime-water ; a turbidity would indicate 
carbonate. 

Fmpyreumaj if not recognized by the odor, will be brought 
out distinctly by over-saturating in a beaker with diluted nitric 
acid a mixture of equal parts of aqua ammonise and water. 

Calcium hydrate-is detected by testing the aqua ammonias 
with ammonium oxalate. 

Chloride^ Cya/nide^ and BuLpKate. — About two ounces of 
aqua ammonisd are slightly over-saturated with nitric acid, and 
the solution evaporated to dryness. The residue is dissolved in 
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a Uttle w&ter ; etnall portioiis of this eoladoa Are tested eerer- 
aHj with argentic nitrate for chloride and cyanide, and with 
tMiitua nitrste f^r enlpbate; when a precipitate has been 
(brmed with argentic nitrate, its nrntnre mav be ascertuned b; 
aligbtl^ OTer-satoratiag a little of the aqoa ammous wi^ 
hydrocblcMic add, and then testing; it with a few drojw of aohl- 
tioQ of ferric chl(»ide ; a greenbh-blae coloration or bitte pre- 
cipitate would indicate the prepuce of cyanide ; if ench reac- 
tion does not occur, the ailrer precipitate, if infolable in dilated 
nitric acid, consists of u^entic chloride. 

MHaU are detected in aqoa ammo- 
niae, Deotralized with nitric acid, by hydro- 
iilphnric acid, and by eabseqaent addition 
of the same aqna ammonite. A dark reac- 
tion in either instance would indicate met- _ 
ala. J 

The ammonia^rtngth of impnre aqon 
ammonise, or of crude ammoniacal liqnon ' 
(free of other alkaline hydrates or carbon- 
ates), may Xte estimated by the following 
simple method : 

One hundred cubic centimetres of oxalic 
acid test-solntion (page 56) are poured into 
a beaker, and reddened with a few drops 
of litmas-«o!Dtion. Then the ammoniacal 
liquor is added from a burette (Fig. 46), 
until the red color commences to pasa 
into a viplet one. The number of cabie 
centimetres required for nentralization is 
then read off, and is used as dinsor of 
the number 170; the quotient indicates 
at once the percentage of ammonia con- 
tained in the ammonincal liquor. For in- 
stance, if 40 cnbic centimetres of the lat- 
ter have been used, it contains 4.26 per 
cent. ; if 29 cubic centimetres, it contains 
5.86 per cent,; if 17 cubic centimetres, it 
contains 10 per cent, of ammonia. 
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TABLE 

or THE QUANTmr BT WEIGHT OF AMMONIA CONTAINED IN 100 PARTS BT 
WEIGHT OF AQUA AMMONL£ AT DIFFERENT DENSITIES. 
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With the decrease Bod increiue of temperature, the densit; of n 
amnioniffi BulTers a corresponding increnae or decrease, nraoHnling for ei 
degree of the centigrude Ihermomettr in either direction — 
F« xjni •miDDnlc of > ipcdfle gnrllr or n.)nCll to Uut of a.K31 to ab< 

O.M*0 - oj«™ 
" - a»-t« - 0J681 

For initanee : An aqua ammonite of 0.0698 spec, grav,, at 14" 0., con-.l 
tainitig 10 per cent, of ammonia, will have, at 18" C, a spec. grav. of J 
(0.9693-0.0003x4=^) 0.9G81, and, at 13° 0,, a sptx. grav. of (O.BfiW-»^ 

0.0003-1-2=) 0.eC99. 



AQUA AUTODALABUHC AUAKASITIC. 
BitteT'Almotid Water. 

Bitter-almoDd water, when prepared from tbe easentisl oil 
of bitter almouda, ie a clear, wLeti derived \>y distillatioD ftova, 
bitter almonds, mostly a turbid, colorless liquid, witii the od( 
of oil of bitter almonds, which odor must not disappear 
the elimination of the hydrocjanic acid by argentic nitrate, 
should be of such strength, that 1,000 parts contain one pi 
of auhydrons hydrocyanic acid, which is aasociated in tbe wat 
with benzoic aldehyde. 

Ferrous salts render no reaction with bitter-almond water 
but a slight blue precipitate will take place when, after the 
addition of the reagent, tirst a few drops of liquor potaesffi ar* 
added, and subsequently a slight excess of diluted hydrochloi 
acid. 

Argentic nitrate and mercurous nitrate produce but 
slight turbidity in bitter-almond water ; but, when a few drojW:^ 
of aqua ammonife have been added previously, and the liquid itt. 
then over-saturated with diluted nitric acid, argentic nitralAJ 
will yield a white, and mercurous nitrate, upon warming, 
dark-gray precipitate. 

The quantity of hydrocyanic acid in bitter-almond wateSl 
may be determined by weighing 1,000 grains of the water intftj 
a vial, and adding and agitating it with a solution of 8 grainy' 
of argentic nitrate iu 60 graius of water and 30 grains of aqa 
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ammoniffi ; 2 drachms of dilated nitric acid are then added, and 
the whole is gently warmed by immersing the flask in hot water. 
The precipitate of argentic cyanide is collected upon a tared and 
moist filter, washed, and dried, and should weigh not less than 
5 grains, indicating one part by weight of anhydrous hydro- 
cyanic acid in 1,000 parts of the water. 



AaVA OHLOBI. 

AQUA CHLORIKir. LIQUOR CHLORI. 
Chlorine - Water. 

A saturated solution of chlorine gas in distilled water, con- 
taining about twice its bulk, and 0.4 per cent, by weight, of the 
gas. Chlorine-water has the pale, greenish-yellow color, the 
irritating and suffocating odor, and the chemical properties, of 
the gas. When cooled to near the freezing-point, it forms yel- 
low crystalline plates of chlorine hydrate, which dissolve again 
upon increase of the temperature. When heated, it loses the 
chlorine by evaporation ; when exposed to sunlight, it is gradu- 
ally changed, with the participation of the elements of water, 
into hydrochloric acid and free oxygen. 

Chlorine-water destroys instantaneously the color of dilute 
indigo-solution, and all vegetable colors. By the strong affin- 
ity of chlorine for all the elements except oxygen, nitrogen, and 
carbon, and for many compound radicals, it is a powerful chem- 
ical agent, and, especially by its property of abstracting or dis- 
placing hydrogen, bromine, and iodine, from almost all their 
combinations by equivalent substitution, a most energetic oxi- 
dizer. 

Szamination : 

HydrocKLorie acid^ and consequently decomposition^ is indi- 
cated when blue litmus-paper, upon being immersed in chlorine- 
water, is reddened before it is bleached ; such decomposition 
may further be ascertained by filling a one-ounce vial, in which 
a few globules of mercury have been placed, with the chlorine- 
water, and agitating the corked bottle until the odor of chlo- 
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rine has entirely disappeared. The water elioald now 1eav« 
blae litmuB-paper iinchaiifced, and Bboald form no precipi- 
tate with argentic nitrate, although all cliloriue-water, how- 
ever freshly prepared, will yield a slight turbidity with the 
latter reagent. Loss of the strong odor of the gas, an acid 
reaction npon litmus, and the formation of a white precipitate 
with aigenlic nitrate, would indicate a decree of decompoeitioD 
which renders the chlorine- water nntit for use. 

MtTi^al salts, as an evidence of the employment of apring- 
vater for the absorption of the gas instead of distilled water, 
may be ascertained by the fixed residue remaining upon evapo- 
ration of a little of the water on platf uum-foil, or on a watch- 
gla» ; as well as by testing it, after addition of a little aqn* 
ammoniie, with oxalic acid; a white precipitate would prove 
the presence of calcium salts, and would be indicative of spring- 
water. 

Eitimaiion of the strength of cKhrine-waier. 

I. Approximate estimation : 

1. One hundred parts by weight of chlorine- water are agi- 
tated with a solution of 3 parts of crystallized or granulated 
ferrous sulphate (free from peroxide) in 10 parts of water acid- 
alated with hydrochloric acid. When, now, a few drops of 
diluted test^olution of potassium pennanganate are added, no 
discharge of its color sliould take ])lace. 

2. One fluidounce of chlorine-water is mixed with a solu- 
tion of 10 grains of ferrous sulphate (free from peroxide) in 3 
drachms of water. This mixture must yield no blue precipi- 
tate upon the addition of potassium ferricyanide. 

II. Quantitative volumetric estimation : 

One ounce by weight of chlorine- water is mixed with a sola- 
tion of 10 grains of potassium iodide in 2 drachms of water ; to 
this is added from a burette (Fig. 47), a test-solution of sodium 
hyposulphite, containing 10 weight-parts of the reagent in 100 
Tolnme-parts of the solution, until the brown color has just dis- 
appeared. The number of volume-units requirH, divided by 
seventy, gives as quotient the quantity by weight of the chlo- 
rine contained in one ounce of the solution. 

For volumetric estimation, with the standard teet-eolutioa 
of sodium hyposulphite, see page 64. 
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DUlilled WattT. 

DiBtilled water must not leave a fixed residue upon evapo- 
ration. When reduced by 
evaporation to one- four tli or 
one-sixth uf its volume, and 
tLen tested in separate por- 
tions with lime-water for car- 
Ixmategy with argentic nitrate 
and a few drops of nitric acid 
for chlorides, with barium 
nitrate for siilphatea, with 
ammonium oxalate for calci- 
vm, and with hjdroBuIphuric 
acid and by subsequent acidu- 
lation with hydrocliloric acid 
for metals, it must in no in- 
etance yield any reaction. 

Ammonium salts may be 
detected by a white turbidity, 
occurring after fifteen to thir- 
ty minutes, when oue drop of 
a strong solution of potassium 
carbonate, and Gubsequeiitly 
3 or 4 drops of solntion of 
mercnric chloride, are added 
to about one ounce of the 
water. 

Nitrous acid may be de- 
tected by mixing in a beaker a little siilphurie-acid mucilage 
of starch and one drop of a solution of potassium iodide ; the 
mixture must remain colorless; the water under examination 
is then addeil, stirring it with a glass rod ; if the liquid ag- 
Bumes a bluish tint, traces of nitrous acid are indicated. 

irtfo-« acid may be detected by reducing about 2 ounces of 
the water by evaporation to abont 2 drachms ; to these are 
added, in a test-tube, a few drops of solution of aniline sulphate, 
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aod, afterward, about 10 drops concentrated Bulphorio acid ; 
the liquid is alowlj stirred with a glass rod ; if nitric acid be 
preeent, rose-colored lines will appear after a wliile, and the 
whole liquid aUo will gradually assume this tint. 

Organic suhelancea may be recognized in the water, if it il 
free from nitrons acid, bv warming to near 6u° C. aboat six 
ounces of it in a beaker placed upon white paper; then a few 
drops of fiulphuric acid^ and subsequently a very dilute solution 
of potassium permanganate (lilOO'J), are added drop by drop. 
If the water is entirely free from organic substances, it should 
assume and retain, upon tlie addition of the lirst drop of the 
solution, a slight rose-colored hue, which increases in inlensitj 
progressively with the number of drops added. If the water, 
however, contains organic suhstancee, the coloration received 
from the first drop will either not appear at all, or will soon 
disappear. 

If decoloration takes place, an approximate estimate of the 
quantity of organic substances contained in the water may be 
had from the number of drops which it is necessary to use 
before this effect ceases, and the ]>ermanent color begins to a{^ 
pear. 

This same decoloration is also produced when the water 
contains certain inorganic substances, as nitrous, sulphurous, or 
hydrosnlphnric acid, ferrous and other sub-salts, and other read* 
ily-oxidized substances. 
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ARGENTUM NITKICUM. 

2filraU of Stlter. Jtyrati« Xitrat*. 

Anhydrous, colorless, transparent, rhombic plates, or, wheo I 
fused and cast into moulds, thin, white, transparent, cylindrj- 1 
cal sticks (lunar caustic). Permanent in the air, but decom* f 
posed by the combined action of organic substances and solar I 
light. Argentic nitrate fuses at 219-220° C; at about 320* J 
C. it i^ decomposed; when fused upon charcoal before the bloip>l 
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pipe, it deflagrates, emitting yellow vapors and sparks, while a 
reticular coating of metallic silver remains behind. 

Argentic nitrate is solnble in an equal weight of cold, and 
in half that quantity of boiling, water ; it is also soluble in alco- 
hol, but only sparingly in ether and chloroform ; its strong 
aqueous solution, therefore, when dropped into alcohol, suffers 
no precipitation ; it is, however, precipitated by a solution of 
ferrous sulphate acidulated with nitric acid. When the super- 
natant liquid is decanted from the precipitate and placed upon 
strong sulphuric acid (Fig. 48), it yields the dark-brown reao- 
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tion of the nitrogen oxides on the line of contact between the 
two fluids. 

The aqueous solution of argentic nitrate must be clear; 
a white turbidity would indicate argentic chloride or nitrite ; 
a bluish color, cupric nitrate ; a grayish-black turbidity in the 
solution of the fused salt, a partial reduction by an excess of 
heat in the fusion, or cupric chloride or oxide. 

The solution gives a white, curdy precipitate with hydro- 
chloric acid and with soluble chlorides, a black one with 
hydrosulphuric acid, a brown one with the alkaline hydrates, 
a white one with the carbonates and oxalates, and a yellow one 
with tri-basic phosphoric acid and its soluble salts. 
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Argentic nitrate coDsietB, in 100 p«rtA, of 6&S8 p*rtB c^ 
ai^entic oxide (containtDo; 63.^ p«ru of silver), and 31.77 
parts of nitric wid ; it yields, when completelr precipitated by 
hydrochloric acid or chloridee, bi.S9 parta of dry argentic 
chloride. 
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Potamlum nitraU Is used to adalterate both the fused and 
thecrvsialtized argentic nitrate; sodiom nitrate cannot well be 
employed for ench adulteration, on accoaot of its hygroscopic 
character ; argentic nitrate fuses with either of these alkaline 
nitrates in all proportions, and Each a mixture in the propoi^ 
tion of one part of ai^entic nitrate and 2 parts of potaaeiam 
nitrate la o£Scinal in some phannacopceias. Such admixture ia 
indicated in the fused silrer salt, by an alteration of its appear- 
ance, which is le^ tranalucent, whiter, and withont the distinct 
radiate crystalline structure of pure argentic nitrate. 

Among the metho«ls of detecting snclt an adulteration, the 
following are the readiest and most practicable ones : 

1. A concentrated aqueons solution of argentic nitrate 
dropped into ten times its bulk of strong alcohol ; if potassium 
nitrate be present, it will separate after a while in small, white 
granules, as it is far less soluble in alcohol. Sodium nitrate 
cannot be detected bv this test, since it is more soluble in alc(>< 
hoi. 

3. A small qnantit}* of a dilute solution of argentic nitral 
is completely precipitated with diluted hydroclilnric acid ; the- 
liquid is then warmed, and must, when filtered, leave no fixed 
residue upon evaporation ; such a residue would indicate alka- 
line nitrates or other impurities. 

3. A number of larger and smaller crystals are mixed and 
broken in a mortar; a small portion of the coarse powder, or 
fused argentic nitrate, if this is to be tested, is fused and cotit> 
pletely reduced on charcoal before the blow-pipe (Fig. 49); 
slight reticular metallic coating will remain behind, and soi 
alkaline carbonate, if potassium or sodium nitrates were pre^ 
eiit; tliey will be recognized by the alkaline reaction, when 
moist, red litmus-paper is pressed upon the spot of the coal 
where the fusion took place. 

ArgerUic eMoride is indicated, as stated, by a white turbid*! 
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ity of the Bolation of argeDtic nitrate; its identity niaj be 
ascertained by its dissolving upon the addition of auimonium 
hydrate, but remaining insoluble in nitric acid. 

Cojyper and iron, may be detected by completely precipi- 
tating tlie aqueous solution of the salt with hydrochloric acid, 
and by subsequent approximate neutralization of the filtrate 
with aqua ammonite ; this solution is then tested with a few 
drops of a solution of potassium ferrocjanide; a red jirecipi- 
tate would indicate copper, a blue one, iron ; copper may also 
be detected, or its presence contirmed, by dissolving about 5 
grains of the ai^entic nitrate in 10 dropa of water, and by 




dropping this solution into a small test-tube containing about 
half a drachm of aqua ammonia; an ensuing blue coloration 
would indicate copper; a white turbidity, lead or zinc. 

Nitrous acid, traces of which are frequently met with in 
the fused argentic nitrate, causing slight turbidity upon solu- 
tion, may be detected by completely precipitating the solution 
with potassium chloride. The filtrate is then tested with a 
few drops of sulphuric-acid mucilage of atarch, to which pre- 
viously has been added one drop of solution of potassinm 
iodide; if nitrous acid, free or combined, be present, a blue 
^coloration takes place. 
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ABOEKTI OXIDUH. 

ARGENTCM OITDATOH. 

Oride qfSiher. Argentic Oxide. 

An oHve-browQ, odorless powder, becoming Mack when 
Leated, and decomposed at a red heat, leaving behind spongy 
metallic silver ; it is also gradually reduced by the aolar light. 

Argentic oxide is sparingly soluble iu water, hut freely dii 
Bolved in ammonium hydrate as well as in boiling nitric acid 
it is insoluble in the fixed alkaline bj'drates. Its aqueous boIi 
tion has an alkaline reaction and a metallic taste, and is 
dered tnrbid by a small quantity of carbonic acid, bet becoi 
clear again by an excess of it. 

The purity of argentic oxide is ascertained by its solnbility 
in aqua ammoniie, and also in hot nitric acid, ^\nthout offerveB>- 
cence. and by the fact that this solution, when completely pre- 
cipitated with hydrochloric acid, gives a filtrate which leaves 
no residue upon evaporation, and yields no reaction with hydro- 
Bulphuric acid and Bubsequent over-saturation with aqua am* 
mooiee. (, 
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AHSENTCUK lODATHiC. 
Iodide ufArtenie. ArteniouM Iodide. 
An orange-red or purple, crystalline solid, i'use«) and vola* I 
tilized by heat ; it is soluble in 3i parts of water, and also ia I 
glycerin, alcohol, ether, and carbon bisulphide ; its aqueous so I 
lution is yellow, and gradually and partly decomposes into are 
nious and hydriodic acids; it forms a yellow precipitate wiAl 
hydroeulphiiric acid, and emits violet vapors of iodine wheal 
heated with nitric acid. 
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ATBCVUL 

ATROPINUM. 

Atropia, Atropine. 

ColorleBS, silky, acicalar crystals, or a yellowish-white crys- 
talline powder, without odor, and of a bitter and acrid taste. 
Heated upon platinum-foil, atropia fuses at about 90"^ C. ; at 
140° C. it is partly volatilized and decomposed, swelling and 
emitting white fumes which bum with a white flame, leaving 
some coal, which is wholly dissipated at a red heat. 

Atropia is soluble in about 800 parts of cold, and in a less 
amount of boiling, water, in 2^ parts of cold alcohol, in about 
35 parts of ether, and freely in amylic alcohol and in chloro- 
form. The aqueous solution has an alkaline reaction, and 
powerfully dilates the pupil of the eye. 

Atropia dissolves in concentrated nitric acid, imparting to 
it a yellowish color, and in concentrated sulphuric acid, with- 
out color (sometimes a transient purple tint appears), but the 
latter solution becomes yellow after some time ; it remains, 
however, unchanged upon addition of nitric acid, but gradu- 
ally assumes a green color upon addition of potassium bichro- 
mate. When some peroxide of manganese is added to the 
solution of atropia in strong sulphuric acid, the odor of oil of 
bitter almonds is evolved, and afterward that of benzoic acid. 

The aqueous solution of atropia must remain clear upon ad- 
dition of a few drops of solution of sodium carbonate ; a white 
turbidity would indicate a contamination with heUadonnia, 
This is also indicated in atropia by its lesser solubility in water 
and a greater solubility in ether. 



ATROPINUIC SULPHURICUM. 
Sulphate (if Atropia or Atropine. Atropia Sulphate. 

A colorless, slightly-crystalline powder, which fuses when 
heated upon platinum-foil, assumes a transient red coloration, 
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and ifl fiaall; whoUr dknipated br beal. It gives tlte • 
sctiood fts atropia with eonceatnled nioric and Ndpttmi 
and, in the Imtter fioladtm, with pennide o{ mai^aiieae. 
pia ealfrfiate is fredr stable to water and alo^ol, bat insoln- 
ble in elber and chlorofonn. Its aqueoas aohttiuo is oeatral, 
gives a white precipitate with aofatiOTia of bariom salts, and 
also dilates the papil of the ere, 

A Bulntion of one fiaia of atropta aniphate in half an 
ounce of water moat remain onchan^ieJ when a portion of it is 
tested with solntion of fodinm carbooate; a white torbidi^ 
would indicate a contamtnstioD with Mtadonnia; another por- 
tkw of it ma; be heated with a few diopa of Fehlti^'s solution ; 
the oecurrence of a leddisb-brown deposit would indieate the 
preeeoee oS gtveonde. 



RlSm CQL0U.TU1L BaSTTA VrKUTItU. 
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Cotorlees and transparent, flat, fonr-eided plates, containiDg 
two molecales (six per cent.) of water of er^-etallizatioii ; they 
are permanent in the air, bat lose their water at 100" C, leav- 
ing the anbydroas salt as a while nias^ which, when heated, 
fbses without decomposition, and imparts a yellowisb^reen 
color to the flame. 

Barium tJiloride is soluble in about 3^ ^larts of cold, and 1} 
part of boiling, water, and but eparingly in alcohol ; it is Ie« 
soluble in diluted hydrocliloric and nitric actds, and is there- 
fore partly precipitated from its aqueous eolntion, if not Tery 
dilute, DpoQ the addition of concentrated hydrochloric or nitric 
acids; the salt is, however, rediseolved upon dilution with 
water. The aqueous solution has a bitter, nanseoas, saline 
taste, does not act upon litmus-paper, and yields eopiotu 
white precipitates with eulphuric acid and eclphat^, and 
with argentic nitrate, insoluble in diluted nitric acid, but the 
last one soluble in ammonium hydrate; it forms precipitates 
also with phosphoric acids and the phosphates, and 
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alkaline carbonates ; they are soluble in hydrochloric and nitrio 
acids. 

Sxaminatioii : 

Alumina may be detected, in the dilate aqueous solution, 
by a white turbidity with aqua ammonise ; a bluish coloration 
of the liquid would indicate copper. 

MetaU will be detected by a dark precipitate, or, if only 
traces of iron are present, by a dark-greenish coloration, upon 
addition of ammonium sulphydrate to the aqueous solution ; 
if a precipitate be formed, it is collected upon a filter, and dis- 
solved in a few drops of nitric acid, and the solution over-satu- 
rated with aqua ammonise ; a blue coloration would confirm 
the presence of copper ; a brown precipitate, that of iron. 

Calciunij poUuaiumy and sodium cldorideSy are detected, in 
the aqueous solution, by completely precipitating the same 
with diluted sulphuric acid, and by sul>f»equent examination of 
the filtrate in separate portions : calcium U reco^iized by a 
white precipitate when one of these portions U slightly over- 
saturated with aqua ammonise, and tested with atninonium 
oxalate. P(4aseium and sodium, chlorides will U; indicated by 
a fixed residue upon complete evaporation of an^/thcr part fj( 
the filtrate ; they may be distinguished by dissol vin<; tin; refeidue 
in a few drops of water, and testing the s^/lution with jx^taw- 
sium antimoniate; a white turbidity would indicate Milium 
salt. 

Strontium chloride is detected by agitating some of the 
powdered salt with an equal weight of strong alcohol, and by 
igniting the filtrate ; the presence of strontium will \th indicated 
by a red color of the flame, especially apparent toward the end 
of the oomboetion. 



BISXrTHm ET AXMOMCM CITBICm. 
CiirmU ffBiMm%tk mU Amm^imm. BimmvU «%d Amm^ium CUraU. 

White. glofiST. tramloeeot scales. <^ a frli^rhtlT arridclou^ aiid 
aomewhat metallie taste. When htMhfd uym chu^xmL i>i^ire 
tbe blow-pipe, tbey yield a black fiue, villi a ytaUow eoatixig 




A white or yellowisli -white, odorless, and tastelese pow 
which U blnvkened when in contact with gsAeons or aquet 
hydro«u1|>hiiric acid. When exposed to heat, it gives off tnoia) 
lire and carbonic acid (amonnling to 9^ per cent.), while relloi 
hitmnUioiiA oxide remains behind; wlien heated with exuw 
cnted iii»dium carbonate, on cliarcoal Iwibre tlie blow-pipe, w 
yields metallic glolinles of bismuth and an incrustation 
coal, which in oranj^e when hot and yellow when cold. 

Bisniuthoufl gorbonate is insoluble in water, but slightlyBOkl 
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nble in water saturated with carbonic acid ; it is readily sol- 
uble, with effervescence, in acids, tbrming solutions which, when 
nearly neutralized by the bismuthons oxide, produce white pre- 
cipitates of basic salts when poured into a quantity of water. 

Sxaminatioii : 

Nitrate may be detected, in a solution of the carbonate in 
acetic acid, by imparting to it a faint bluish tinge ; upon add- 
ing one or two drops of neutral indigo-solution, and warming, 
the blue color will disappear, if any nitrate be present. 

Ammonium salts may be detected by the odor of ammonia, 
and by white fumes from a glass rod moistened with acetic 
acid, and held in the orifice of the test-tube, when the bis- 
muthons carbonate is heated with liquor potass®. 

The examination for other admixtures or impurities is the 
same as described with bismuthous nitrate, on pages 160-163. 



BxsmrrHi suBNmtAfl. 

BISMUTHUM 8UBNITRICUM. BISMUTHUM ALBUM. 
SubnitraU or Oxy-NitraU of Bismuth. Ba»%c Bismuthous titrate, 

A heavy, white powder, in minute crystalline scales; it 
reddens moistened blue litmus-paper, and becomes black in 
contact with hydrosulphuric acid. When heated in a dry test- 
tube, it first emits moisture, and afterward reddish-yellow, 
acid vapors, leaving a residue which is readily soluble in 
warm nitric or hydrochloric acid, forming a solution which, 
when poured into a quantity of water, produces a white pre- 
cipitate ; when heated to redness, a straw-yellow powder of 
bismuthous oxide (amounting to eighty per cent, of the bis- 
muthous nitrate) remains, which is fusible at a high tempera- 
ture ; when heated with exsiccated sodium carbonate, on char- 
coal before the blow-pipe, brittle globules of bismuth are ob- 
tained, and the charcoal becomes covered with a slight incrus- 
tation, which is orange when hot and yellow when cold. 

Bismuthous nitrate is nearly insoluble in water; upon a 
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cODtinned digestion, however, it suffers sn alteratioo in its 
composition, wbcrebj ita Eolnbilttv in water is increased ; it it 
readilr soluble in nitric and bjdr\>cblonc arids, and these solo- 
lion!, when poared into a lai^ amount of water, form white 
precipitates vf basic bismntbons salts. Bisniotbous nitrUe is 
but eparinglr solable in potassium and sodium lirdrates, and 
bot little more so in ammoniam hvdrate. 
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Carfxmatfi and insoltiiU admixtvrea are detected, tbe fc 
mer by e&erveecence in tbe cold, tbe latter by remaining 
bind, when aboat 10 grains of tbe bL^matbons nitrate are mixed 
and dissolved, witb the aid of beat, in about tbree fluid-draehnu 
of a mixture consisting of equal parts of concentrated nitric 
acid and water. 

Chlorides and avlphalfs may be detected, in tbe solution 
obtained in the preceding test, diluted with an eqnat balk of 
water, and filtered if necessary, by testing it in two separate 
portions, witb a few drops of solution of argentic nitrate for 
chlorides, and witb a few drops of barium nitrate for snlpliates. 

Tbe test for chlorides and sulphates may also be made \>j 
adding about 10 grains of tbe bismntbous nitrate to about three 
drachms of a boiling, diluted eolation of sodium earbonate; 
after a few minutes' boiling, the mixed fluid, when nearly cool, 
is filtered, and the filtrate over-saturated with nitric acid, and 
then tested, in separate portions, with argentic nitrate for chlo- 
rides and with barium nitrate for sulphates. 

Saltt of Calcium, Magnesium, and Zlne. — Abont thtce 
flaid-drachms of a mixtnre of equal parts of concentrated hy- 
drochloric acid and water arc heated, and so much of tbe his- 
mutbous nitrate as will be dissolved is added, little by little ; 
about 20 drops of concentrated hydrochloric acid, and Rnbse- 
qnently six drachms of water, are then added, and, after a 
while, the solution is filtered ; the filtrate is now repeatedly 
saturated, and completely precipitated, witb hydrosulphurio- 
acid gas, and again filtered ; the filtrate is then warmed, and 
slightly over-saturated witb sodium citrbonate ; an ensuing 
white precipitate would indicate salts of calcium, magneMum, 
or zinc ; if it be comparatively considerable, and sufficient in 
amount to ascertain its nature, it is collected and washed upon 



1 

LedH 

IIXU ^H 



BISMUTUUM. 161 

a filter, and afterward agitated with aqua ammonisB ; if a resi- 
due remains, it is likewise collected and washed upon a filter, 
and the filtrate tested with hydrosulphnric acid ; a white pre- 
cipitate indicates zinc salts ; the residue upon the filter is dis- 
solved in a few drops of diluted hydrochloric acid, and the so- 
lution neutralized by a few drops of aqua ammonisB, and theu 
divided into two portions, one of which is tested with ammo- 
nium oxalate, for calcium salts, the other with sodium phos- 
phate, for magnesium salts. 

Calcium phosphates may be detected, in the bismuthous 
nitrate, by adding to a solution of one part of it, in a sufficient 
quantity of a mixture of equal parts of nitric acid and water, 
two parts of citric acid dissolved in a little water, and then 
adding an excess of aqua ammonisB ; the occurrence of a white, 
bulky precipitate, either at once or after a while, will indicate 
calcium phosphates. 

The presence or absence of earthy admixtures in bismuth- 
ous nitrate may also be ascertained, by boifing about 10 grains 
of it, for 10 minutes, in about two fluid-drachms of acetic acid ; 
the liquid is then filtered, and completely precipitated with 
hydrosulphuric acid ; the filtrate must leave no fixed residue 
upon evaporation ; if any such residue remains, earthy oxides 
are present. 

Metallic Impurities : 

Lead, — Two drachms of a mixture consisting of equal vol- 
umes of concentrated nitric acid and water are heated, and so 
much of the bismuthous nitrate is added, in small portions, as 
will be dissolved ; the solution is then decanted, and diluted 
with four times its volume of water ; after about a quarter of 
an hour, the liqnid is filtered, if necessary, and a portion of it 
tested with one or two drops of concentrated sulphuric acid ; 
if a white precipitate, indicating the presence of lead, occurs, 
the larger part of the liquid, or the whole of it, is precipitated 
with sulphuric acid ; the precipitate is washed with water by 
careful decantation, and then agitated for 10 minutes with 
tepid liquor potassse ; the liquid is then passed through a moist 
filter, and the filtrate mixed with an equal volume of hydrosul- 
phuric acid ; a black precipitate will confirm the presence of lead. 

Copper salts are detected, in the diluted nitric-acid solution 
11 
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of the bismuthons nitrate, by a reddish-brown precipitate vHh 
potassiam t'envcyanide. 

Arsenic may sorely enongh be rect^mzed by its character- 
istic odor, when a mixtare of five grains of the bismiitlioae 
nitrate with 10 grains of powdered potaseinm bitartrato is in- 
cinerated, either in an iron spoon or in a small carity upon 
charcoal, before the blow-pipe (Fig. 50). 




L fully : 

^- of by 



Ab an additional or confirmatory evidence of the abaenee 
or presence of areenie, either of the two following t€sta may be 
applied : About 30 grains of the bismnthons nitrate are added 
to abont two fluid-drachms of concentrated Bulpburic acid, in a 
test-tube or in a small flask, and the mixture boiled ; the tube 
or flask is held, a* much as practicable, in an inclined position, 
80 as to allow the nitric and nitrous acid vapoi^ to escajte; 
when the evolatiim of such vapors ceases, two fluid-drachms of 
concentrated hydrochloric acid are added, and the mixture is 
allowed to cool, and may serve, in two separate portions, for 
the two following tests: 

1. One portion of the mixture is added to aboat an eqoat 
volnme of concentrated hydrochloric acid, and a piece of tin- 
foil (real tin), or about 20 drops of concentrated solntion of 
stannous chloride, are added, and heat applied ; a brown turbid- 
ity of the mixture, either at once or after a while, and a gray- 
isli-brown precipitate after snbsiding, would indicate arsenic, 

2. The other portion of the sulphuric-acid mixture is care- 
fully added to five times its volume of a raisture of equal parts 
of hydrochloric acid and water, and the mixture careful^ 
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ponred upon granulated zinc, In a long teet-tube, only one- 
tenth of which should be tilled by the liquid, taking care that 
the upper interior walls of the tube do not get wet ; a bunch 
of cotton, moistened with solution of plumbic acetate, is then 
introdnced into the orifice of the tube, and this loogely closed, 




either by paper moistened with one drop of solntion of argentic 
nitrate, or by a cork provided with two strips of paper, satu- 
rated with solntiona of plumbic acetate and of argentic nitrate 
respectively (Fig. 51). Tlie test is then conducted as doscribed 
on pnge 30. 
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A dark coloration of the argeQtic-nitrate Eolation wofld iBt* | 
dicate arsenic. 
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Bismn-Bt TAI.RMAMAS. 

BISMDTBOM V ALEBI AKICCU. 

BmU Valeriattatt nf Bitmulh. • BUmuthoui Vahrianati. 

A white, crystalline powder, with the strong odor of Tal»> 
rianic acid. When gradually heated in a porcelain craciblo, 
ii emits the odor of valerianic and bntyric acids, and beconuB 
black; upon continued heating, hismuthoiis oxide is left be- 
hind, appearing brownish-yellow while hot and straw-yellow 
on cooling ; when heated with eiKiccated sodium carbonate, it 
affords the same reaction ae the bismutboos carbonate and ni- 
trate (pages 158, 159). 

BiainuthouB valerianate is insoluble in water, but soluble in 
hydrochloric and nitric acids, separating an oily layer of vale- 
rianic a<!id, and forming Bolutions which produce white precipi- 
tates with a quantity of water. 

Twenty grains of bismuthnns valerianate, placed in a small 
tared porcelain crucible, and moistened with a few drops of 
concentrated nitric acid, yield, when completely iucineratod at 
a red heat, 16 grains of straw-yellow bismuthons oxide. 

Kxaminatioa : 

The solution of bismnthonfi valerianate in acids, for tests, 
must be allowed to stand in a cool place for one or several 
hour?, so that the valerianic acid may separate and collect 
upon the surface, and remain behind upon the paper when the 
solution is passed through a moist double filter. 

BigmuOtoua nitraU or carbonates may be detected by diB- 
Bolviiig a few grains of the valerianate in concentrated hydro- 
chloric acid ; effervescence indicates carbonates, and, in this 
case, a solution of 10 grains of the salt, in n sufficient quantity 
of concentrated hydrochloric acid, is completely precipitated 
with hydrosulphuric acid, and the filtrate slightly over-satn- 
rated with sodinm carbonate ; a white precipitate would 
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cate salts of calcium^ ntdgneaium^ or zinc ; thej may be dis- 
criminated by the same method as described on page 160. 

Another part of the solution of the valerianate in hydro- 
chloric acid is diluted with about four times its volume of wa- 
ter, and is faintly tinted with one drop of solution of indigo, 
and is gently warmed ; if decoloration takes place, nitrate is 
indicated. 

The examination of bismuthous valerianate, i. e., of its solu- 
tions in nitric or hydrochloric acid, for chlorides and svlpliotee^ 
for calcium pTiospJuUe and salts otealciumy maffnesiunij and zinCy 
and for metalUc impurities, is performed in the same way as with 
the corresponding solutions of bismuthous nitrate, described on 
pages 160-163. 



BBOKXTX. 

BROUINIUU. 

Bromine, 

A heavy, dark-red, very volatile liquid, of an intense and 
suffocating odor, somewhat resembling that of chlorine; its 
spec. grav. is 2.95 to 3.00. Bromine solidifies at —7® C.,form- • 
ing, at temperatures below that, a dark lead-gray, brittle, crys- 
talline mass, of a semi-metallic lustre ; from —6® to 63** C, it 
is liquid, and volatile at common temperature ; at 63° it boils, 
forming yellowish-red vapors. 

Bromine is soluble in 32 parts of water, yielding an orange- 
yellow solution, which has the odor of bromine, bleaches vege- 
table colors and solution of indigo, and colors starch orange- 
yellow, and which, when cooled down to 0° C, forms small 
yellow scales of solid hydrate ; the aqueous solution of bro- 
mine is deprived of its bromine and of its color when agitated 
with ether, chloroform, or carbon bisulphide ; these ethereal 
solutions, however, are themselves decolorized when agitated 
with potassium hydrate ; but either of them, with the excep- 
tion of carbon bisulphide, will form a new solution of the bro- 
mine, and consequently regain the color, upon the addition of 
an excess of any mineral acid. 
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Bromine is freely soluble in alcohol, chloroform, benzol, 
carbon bisulpliidi?, and the allcaline hydrates, and is niiscible 
with ether in all proportions. In ita chemical relations, it re- 
Heaibles chlorine, having a powerful affinity for hydrogen, 
though not quite so strong, and hence it acts with energy on 
many organic compounda, abstracting hydrogen with eqair»- 
lent substitution. J 

BTftTnJTiB. tinn ; ' H 

Chlorine may be detected by shaking a little of the bro-1 
mine with three times its volume of water; the liquid is then 
poured into a conical glass, and the supernatant aqueous sola- 
tion decanted into a test-tube, and shaken with an equal vol-- 
ume of ether ; the lower or aqueous layer is then transfer 
by means of u pipette, to another test-tube, and boiled 
the ether, dlsBolved, is volatilized ; it is then, after the additioi 
of a few drops of diluted nitric acid, completely pr^cipitatM 
with argentic nitrate; the precipitate is wa>;hed, by repeatM 
decantation, and subsequently dissolved, by the aid of heat, i 
a solution of ammonium sesqui-carbonate. After cooling, tin 
filtered solution is reduced by evaporation to a small volm 
and finally over-saturated with nitric acid, when argent! 
chloride is separated, if the bromine is contaminated < 
chlorine.* 

This test may be made at once quantitatively, by perform- ' 
ing it with a known weight of bromine, and by colIectin|^, 
drying, and weighing the precipitate of argentic chloride, and 
calculating the amount of chlorine contained in the qosnti^fl 
of the latter, on the basis of the fact that argentic chloride o 
tains 24.73 per cent, of chlorine. 

Iodine is iudicated by a purple coloration of carbon biso] 
phide, when this is shaken with a solution of the bromine in i| 
strong solution of sodium hydrate, wliicli has been over-san 
rated with fuming nitric acid previous to the addition of thtfl 
carbon bisulphide. 

■ This tpBt depend! upon the solubilitj of chloro-bromine in w»tef, Uld the de- 
portment of etbcr, whfth ilwoiDposei Ibe chloro-brominG. alxtracliDg tbe brmniae 
from tbe ■queoui loIuliDn, and leiiing Ihe chlorine 48 bjdrochlorio acid in Ibc «>- 
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CADMIUM SULPHURICUM. 
Sulphate qf Oadmium, Cadmium Sulphate, 

Colorless, transparent, oblique prisms, containing three 
molecules of water of crystallization ; they are efflorescent in 
the air, and freely solnble in water, but insoluble in alcohol. 
The solution has an astringent, acidulous, and slightly austere 
taste ; it yields a white precipitate with aqua ammonisB, solu- 
ble in an eiccess of the reagent; on subsequent addition of 
hydrosulphuric acid, a yellow precipitate is formed, which is 
soluble in strong, warm hydrochloric and nitric acids, but in- 
soluble in diluted acids and in the alkaline hydrates (distinc- 
tion from arsenious sulphide) ; it gives a white precipitate with 
the alkaline carbonates, insoluble in an excess of the precipi- 
tant 

The absence of other metallic oxides may be ascertained by 
completely precipitating the aqueous solution of the cadmium 
sulphate with hydrosulphuric acid, and by subsequent complete 
evaporation of the filtrate ; if a residue remains, admixtures 
of other salts are indicated. In such case, the residue should 
be dissolved in diluted hydrochloric or nitric acid, and exam- 
ined for metallic, earthy, and alkaline oxides by the systematic 
method of analysis as described on pages 41-^, 



0A2<0n OASBOITAS PA20IPITATA. 

CALCIUM CARBONICUM PRECIPITATUM. CALCARLi CARBONICA PRE- 

CIPITATA. 

Precipitated Caleium Carbonate. 

A white, light powder, consisting, when magnified, of mi- 
nute rhombohedral crystals ; it does not change moistened tur- 
meric-paper, but turns it brown after having been exposed to a 
red heat before the blow-pipe. 





ttHim, lkmmt,hm t 

to bmwB; ^baSagv i.nwwii to tl« aif^ 

■ilric^aid Krtiaadiift. TW acid ultoHM k pRopt- 

r oofis acid, bat Bat bf m aoIatiaB of caioiaB nlphsto 

fi«to bari^ aad twii — t enbaaaua)^ nor bj 

bffato (ft !■ I 111 II fioB riaMiaiBiii caibontfaX 

■OT b^ potaHiMB b^juiite (oMiBstMn fron iMgiwavBi csrboto- 

mtoV JJormaatim ilblipi yidd mj wrtioa with bydrawi- 

pbsrie add, and laWyeal nm totaiatiua «i^ aqna obbio- 

BtM (nee noo carbonate^ 

A3 iaaofficicnt mshii^ is Ae maBB&eton, or a frasdsknt 
or accidental «<iiiii^t i " " of ealdam Hilphate, may be detoetod 
by agitating lOiDe of the earf>oaatf with waier. and by teatii^ 

the filtrate, acidulated with one or two drops of nitric acid, in 
•eparate portioDs, witb argentic nitrate for chloride, and with 
barinm nitfate for sulphate. 

The crude kinds of caleiam earbonate — cli>lk, prepared 
0jiter4be)Ia, and otben derived from aninul organbme — con- 
tain more or lees of other base* (nu^eGinm, iron, pots&UDin, 
todiom, ^e.) and acids (phoepborie, silicic, and salpbnric), and 
alwayii, al^o, traces of organic snbetances ; they do not rendo- 
a complete eolation in dilote acetic or bTdrochloric acid, and 
the filtered eolntion nsnallr gives a slight coloration or tarbid- 
ity with hydroKnlphnric acid, and a precipitate when oTer-«atii- 
rated with aqua ammonise, indicating phosphates. 



OAIX:n HTPOPH06PHIS. 



CALCIUll ETPOPHOSrSOROSUlC. CALCIS HYPOPQOSPHIS. 
HlfpopkotphiCt qf Lima. Calcium BypopkotpkiU. 
Small, colorle6«, transparent, six-sided prUme, or a wl 
cryHtalline powder, of a pearly lustre ; heated in a dry b 
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tube, the salt deflagrates, emitting inflammable phosphorus 
vapors, and leaving a residue, which appears, after cooling, 
slightly reddish, being calcium pyrophosphate, with a little red 
phosphorus. 

Calcium hypophosphite dissolves in six parts of cold water, 
but is insoluble in alcohol (distinction from sodium hypophos- 
phite) ; the aqueous solution has a slightly bitter taste, and, 
when greatly diluted with water, suffers no change upon the 
addition of diluted sulphuric acid, nor with solutions of barium 
and calcium chlorides, nor of plumbic acetate (distinction from 
soluble phosphates and phosphites) ; it forms, however, white 
precipitates with the soluble carbonates, with oxalic acid and 
oxalates, and with aigentic nitrate, which latter precipitate 
soon becomes black. 



OAXXnZ PH08PHAS PS2B0IFITATA. 

CALCIS PHOSPHAS. CALCIUM PHOSPHORICUM. CALCARLi PHOS- 

PHORICA. 

Precipitated Fhoephate of Lime. Tri-laeie Calcium PKotphate, 

A light, white, inodorous, and tasteless powder, emitting 
vapor of water when heated in a dry test-tube, but otherwise re- 
maining unaltered ; it fuses, without decomposition, at an in- 
tense heat. When the powder is moistened with diluted solu- 
tion of argentic nitrate, it assumes a straw-yellow color. 

Calcium phosphate is insoluble in water, but a little soluble 
in water saturated with carbonic acid ; it dissolves, to some 
extent, in acetic acid, and quite readily in diluted hydrochlo- 
ric and nitric acids ; the latter solution remains clear, when an 
excess of sodium acetate is* added, and gives a copious white 
precipitate on the subsequent addition of oxalic acid. 

Examination: 

Carbonates are indicated by effervescence when a little of 
the calcium phosphate is first thoroughly mixed with a little 
water, and concentrated nitric acid added afterward. 

Sul^hatea are detected in the diluted nitric-acid solution by 
a white precipitate with a few drops of barium nitrate. 
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Iron and metallic mU» are detected by adding hjrdn»n1pl]ii- 
ric acid to the nitric-acid solution, and b_T subsequent orer-«at- 
nration with ainmoniam lijdrate. The eosuing precipitate with 
the latter reagent must be perfectly white ; a brown color would 
indicate iron ; a dark one, other metals besides. 



OAi;S OHIX>BIHATA. 



TPOCHLOKO- ^^H 

eUoHU. ^^1 

irine. betitff ^^^ 



^ 




Chlorinated Linu. Biaulting-PQttder. CaUium Hyp«tUorit4. 

A dull-white powder, with a feeble odor of chlorine, being 
a mixture mainly of calcium hypochlorite, hydrate, and chlo- 
ride. Exposed to heat, it gives oS oxygen and chlorine, and is 
finally converted into calciam hydrate or oxide and calcium 
chlorate and chloride. Hiiied with ten or more parts of water, 
ita soluble constituents enter into solution, leaving behind cal- 
(nnm hydrate, and the insoluble impurities of the, lime em- i 
ployed in the manufacture of bleach i ng-powd cr ; the tiltmidfl 
solution is colorle^, and of an acrid, nauseous taste, dianget-l 
red litmns for a moment into blue, and decolorizes it almost atf 
once, and completely ; it emits the otior of chlorine with acid^l 
and forms a white precipitate with sulphuric and oxalic atada, ' 

Chlorinated lime, exposed to the carbonic acid and moisture 
of the air, to acids, or to acid salts, evolves hy]>oohiorons acid, 
which, when free, readily breaks up into water, chlorine, and 
chloric acid ; the latter \& also soon resolved into oxygen, water, 
chlorine, and perchloric acid; a deliquescent residue, ootuiaU J 
ing of calciam hydrate, carbonate; and chloride, is left of thaV 
chlorinated lime. Upon this decompoi^itiou depends the ener- 
getic chemical action of chlorinated lime as an oxidizing agent, 
which, therefore, is proportionate to the percentage of calcium 
hypochlorite, or, in other words, of the available chlorine. la 
order to estimate this, and to determine the value of commer* I 
cial hleacliing-|^>owder, several methods of testing are eraplojed,.! 
among which the following two are simple and reliable : 
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1. Seventy-eight grains of ferroiia sul- 
phate {free of ferric oxide) are dissolved 
in about two ounces of water, previously 
boiled, and the solution is acidulated with 
a few drops of hydrochloric acid ; U will 
require about 10 grains of chlorine to 
transform the ferrous oxide, contained in 
tliat quantity of tlie salt, into ferric oxide. 
Fifty grains of the chlorinated lime 
to be examined are next rubbed up with 
a little tepid water, and the whole trans- 
ferred into a bnrette (Fig. 59) divided into 
100 degrees, which is then filled up to 
with water, washing the mortar; after 
which, the contents are mixed by agitat- 
ing the burette. Each degree of the mix- 
ture, therefore, contains half a grain of 
chlorinated lime. This liquid is allowed 
to flow, little by little, into the ferrous 
solution in a beaker, with constant stir- 
ring with a glass rod, until the ferrous 
oxide is oxidized, vFhich may be recog- 
nized upon a porcelain dish, or & plate of 
glass placed upon white paper, and pro- 
vided with a number of drops of a dilute, 
fresh ly-prepared solution of potassium fer- 
ricyanide ; the oxidation is accomplished 
as soon as a part of a drop of the liquid 
under examination, when brought in contact with one of the 
drops of the ferrieyanide eolution on the plate, ceasea to cause 
k deep-blue coloration. 

The nnmber of degrees of the solution of chlorinated lime 
employed is then read off: since 78 grains of ferrous sulphate 
require for oxidation 10 grains of chlorine, the quantity of the 
latter in 50 grains of the chlorinated lime may easily l>e calcu- 
lated ; thus, suppose 56 such degrees have been usc^l for oxida- 
tion: then — 
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Each degree containing only half a grain of chlorinated lime, 
this, therefore, contains 35.34 per cent, of available chlorine. 

2. 1.17 gram- 
mes of the chlori- 
nated lime arc 
mixed with about 
6 ounces of wa- 
ter, to which 3,5 
gramiuei of po- 
tassium iodide, 60 
drops of concen- 
trated hydrochlo- 
ric acid, and a lit- 
tle mucilage of 
starch, have been 
added. To this 
mixture the teet- 
eolution of sodi- 
am liypoenlphito 
(page 63) is added,, 
from a burett* 
(Fig. 53), nnta 
the appearance of 
blHlsh tint of 
the mixture indi- 
cates the termina- 
tion of the teet, 

if the sample 
contains 30 per 
cent, of obtainable 
Pm Bj, chlorine, 100 cu- 

bic centimetres of 
the test-Bolution will be required. For instance, as 248 nniU 
{in this instance, centigrammeB) of sodium hyiKwulphite indi- 
cate the presence of 355 unita (centigrammea) of chlorine, 2.48 
grammes of the fonner, the quantity contained in 100 cnhie cen- 
timetres of the test-eolution, indicate 0.355 grammes of chlorina. 
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If 100 cubic centimetres of the test-solation have been used, « 
therefore, 0.355 grammes of chlorine is obtainable from 1.17 
grammes of the chlorinated lime ; and if 1.17 yield 0.355 of 
chlorine, 100 grammes will yield 30.35 grammes. 

Samples of the best commercial bleaching-powder contain, 
on an average, about 35 to 36 per cent, of available chlorine. 



CARBONEUM SULPHURATUM. ALCOHOL SlTLPHURia 
BUulphuret of Carbon. Carbon Bisulphide. 

A transparent, colorless, very volatile liquid, of great re- 
fractive and dispersive power, of a pungent, somewhat aro- 
matic taste, and a peculiar odor, which, when pure, slightly 
resembles that of chloroform. Its spec. grav. is 1.27 at 15° C, 
and it boils at 46.5'' C. ; it bums with a blue flame, yielding, 
as the products of combustion, carbonic and sulphurous acids ; 
its vapor, mixed with atmospheric air, forms an explosive gas. 

Carbon bisulphide is not miscible with water, and sinks in 
it; when agitated with iodine-water, it absorbs the minute 
quantity of iodine dissolved in the water, and acquires a faint- 
purple color. 

Carbon bisulphide is remarkable and im- 
portant on account of its extensive solvent 
powers ; it is miscible, in all proportions, with * 
absolute alcohol (the solubility decreasing with 
the decrease of strength o{ the alcohol), with 
ether, chloroform, benzol, essential and fatty 
oils ; it dissolves readily and freely, among 
other substances, sulphur, phosphorus, bro- 
mine, iodine, iodoform, camphor, caoutchouc, 
gutta-percha, resins, wax, paraffin, stearin, 
chloral hydrate, and those alkaloids which are 
soluble in ether and alcohol. f».64. 

Bzamination : 

The odor of carbon bisulphide must not be repulsive, nor 
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• fetid ; it slionid not cause a diirk turbidity or precipitate 
iu a solution of plumbic acetate, wben agitated with it, nor 
change the color of moist litmus-paper. 

An admixture of ethyl or methyl alcohol may readily be 
detected by the lesser density of the liquid, by its impaired 
property of diseolving fatty oils, and by its losing in volume 
when shaken, in a graduated measure, with an equal 
of water or glycerin (Fig, 6i). 



CEMI OXAI.A8. 

CERICM OXALATUM. 

OtalaU nf Cerium. Cerium Oxalate. 



1 volume ^^1 
insoluble ^^1 



A white, granular powder, without odor or taste, 
in water, glycerin, alcohol, ether, or chloroform, but soluble in 
sulphuric and hydrochloric acids. Exposed to heat, the salt is 
decomposed, and leaves, at a red heat, a reddish-yellow ot 
brown residue of oxide, which is soluble without efl'ervescence 
in boiling hydrochloric acid ; this solution gives, with a satifr^ 
rated solution of potassium sulphate, a crystalline precipitate 
of cerco-potassium sulphate. Cerium oxalate dissolves in boik 
ing liquor potassse, which solution, when filtered and neutraU 
ize<i with acetic acid, gives, with solution of calcium chlorid^ 
a white precipitate of calcium oxalate, insoluble in acetic acidj 
but soluble in hydrochloric acid. 

Examination : 

Earthy carbonates are indicated by effervescence of the aalfc 
with hydrochloric acid, 

Earthy oxalates are indicated by effervescence of the resi* 
due of the salt when reduced, at a red heat, with bydrochlorie 
acid. 

Aluminium aalta may be detected by boiling the oxalate 
of cerium with a strong solution of potassium hydrate, filteiv 
ing, and adding an excess of solution of ammonium chloride^ 
when a white, floceulent precipitate of aluminium hydrate wiU 
be formed, if such be presept. 
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OHLOBALI HYD&AS. 

CHLORALUM HYDRATUM CRYSTALLISATUM. 

Hydrate of ChloraL Chloral Hydrate. 

Colorless, semi-transparent, crystalline plates, or crystals, of 
a peculiar ethereal odor and pungent taste. Exposed in a dry 
test-tube to a gentle heat, by dipping the tube into hot water, 
chloral hydrate fuses at about 58** C, and solidifies again when 
cooled down to 15** C. ; at about 95** C, it boils, and is partly 
resolved into chloral and water, which, however, combine 
again, and form a crystalline deposit in the cooler parts of the 
tube ; at a higher temperature, it is wholly volatilized without 
combustion. 

Chloral hydrate is soluble in about half its weight of cold 
water, and freely in both alcohol and ether, but only sparing- 
ly soluble in cold chloroform, in carbon bisulphide, or in oil of 
turpentine. Its aqueous solution is neutral, and gives no reac- 
tion, when slightly acidulated with diluted nitric acid, with 
diluted solution of argentic nitrate, nor upon subsequent addi- 
tion of aqua ammonise ; but, upon heating this mixture, decom- 
position takes place with effervescence, and with the formation 
of argentic chloride and metallic silver, the latter coating the 
walls of the tube. When the aqueous solution is acidulated 
with diluted sulphuric acid, and faintly tinged with a few drops 
of solution of potassium permanganate, no decoloration should 
take place within a few hours. 

Concentrated sulphuric, nitric, and hydrochloric acids dis- 
solve chloral hydrate with decomposition, but without color, 
and without the evolution of colored vapors. Solutions of the 
alkaline hydrates decompose it, when heated, into soluble for- 
miates and chloroform. Ammonium sulphydrate dissolves 
chloral hydrate, with the evolution of heat, forming a turbid, 
reddish-brown liquid ; the same reagent produces, in concen- 
trated as well as in diluted solutions of chloral hydrate, a yel- 
low coloration, which becomes dark brown, forming, with the 
separation of sulphur, a reddish-brown compound, gradually 
when cold, immediately upon warming. 
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SzuniiutioB : 

Becoiiipogition of chloral livdrate is indicated bv tlie taene 
of vapors, and by a pnngent odor upon opening the viai, bj the 
reddening of moietvned blue litmu^paper, wiien iDimereed in it, 
and by the formation of wliite fume« when a glass rod, moist- 
ened with acetic acid, is held over the month of the vesfieL It 
is further indicated, in the aqneous solution of chloral hjdrate, 
acidulated with a few drops of dilated nitric acid, hy a white 
precipitate with argentic nitrate, and in another portion, aeid- 
nlated with snlphnric acid, hy decoloration of eolation of potae- 
1 permanganate. 
Chloral aloofx/laU is distinguished from the hydrate by the 
property of being readily and freely eolnble in cold chloroform, 
in cart>on bisulphide, or in oil of turpentine, but le^ eolnble in 
cold water than is the hydrate, and by iu yielding a reddisb- 
brown or brown aolution with warm ooncentrated Eolphnric 
acid, and by the eTointion of red nitrous vapors with concen- 
trated nitrie add. 

An admixture of the alcoholate with the hydrate may be de- 
tected by dtasolving abont half a drachm of the eample in two 
drachms of water ; 10 dn^ of liquor pota^se are added, and 
I tiqnid warmed to aboot 50° C, by dipping the tobe into 
water of thai temperature ; then, one or more dn>p« of eoln- 
tion of iodinized potaseinm iodide are added, »> as to impart to 
the liqa-d, after centle a^tation, a vellowish-bni'wn color; it 
Bubseqaently earefnlly deeolorixed by a few drops of Kqaor po>' 
tasste : an ensuing slight turbidity will disaj^tear npon gentle 
Station, if the chloral hydrate be pore ; 
bot it will remain, and email yellow ctjw- 
ta]a.afiodi<fonn(Fig.^).altboi^: 
what soluble in solotiotis of dilonl bj 
drate, will enbside. and be 
under the micTosex^te, if chlonl ali 
at* be present. 

Tlie f-tllowing tnetbod of approii- 

mate estimation of the purity of chloral 

hydrate depwids Bpcm tbe volnmebrie 

determination of th« qnantitT of diWoftwro pcvdnced by 

daeompoation ot~ a known qnantitT of chloral hydnte: 
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Five hundrctl graina of tlie sample are dissolved in about one 
oQDce of water, and the Bolution poured into a graduated cylin- 
der, divided into 1,000 grain-measures (Fig. 5G) ; the vessel 
wherein the solution is efiected 
ia rinsed with so much water 
as to make np the solution to 
700 grain -measures; 300 grain- 
meaaures of acjua ammoniiB, 
of 0.891 spec, grav., are tlien 
added, so that the whole meas- 
ures 1,000 grains. The cylin- 
der is then closed, agitated, 
and immersed in tepid water, 
of about 50" C, for half an 
hour, the stopper being tightly 
fitted as soon as the expansion 
of the liquid, caused by the 
warmth, allows it ; it is then 
set aside for 12 hours, when the 
fluid will have separated into 
two layers, a lower one of chlo- 
rolbrra and an upper, more or 
less red -colored, ammoniacal 
aqueous solution of ammonium 
formiate. 

If the sample was pure hy- 
drate, the chloroform should 
measure not less than ^35 
grains, eqnal to 351.7 grains 
by weight, and 70,3 per cent. p,,,. «. 

of the chloral hydrate em- 
ployed ; if it was chloral alcoholatc, the chloroform will meas- 
ure about 200 grains, equal to 299 grains by weight, and to 
59,8 per cent, of the chloral alcoholatc. 

An admixture of the alcoliolate with the chlorate will there- 
fore be indicated, proportionately, by the decrease of the quan- 
tity of chloroform, ranging, in the above test, between 235 and 
200 grain -measures by volume, and 351.7 and 299 grains by 
weight. 
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CHLOBOFORHICH. 

A dense, colorieee, ToUtQe, and Hmpid liquid, of an agree- 
able, ethereal, aromatie odor and sweetish taste ; it does not 
act Dpon litmus, and ie not readilj inflammable, bat, when ft 
wick ie eatnrated with chloroform, and ignited, it barns with ■ 
greenish flame, emitting pungent vapors which contain hydro- 
chloric acid. It is very voUtlle at common temperatures, pro- 
ducing, bv rapid evaporation, great cold, and leaving ueitlier a 
residue, nor a film of moisture, nor any unpleasant odor, whea 
wholly evaporated by the warmth of the hand, by causing the 
chloroform to flow to and fro, in a porcelain capsule. It boilf 
at 61" to 62^ C. 

Chlorofonn einbs in water, being but sightly eolnble, one 
part requiring about 100 parts of water for solution. The spec, 
grav. of pure chloroform is about 1.50, at 15.5° C. ; iu this state 
of purity, it is liable to decomposition by the combined action of 
atmospheric oxygen and of solar light ; it is, however, protected 
against this deterioration by a slight percentage of ethylic alco- 
hol, which is therefore retained in the preparation of medicinal 
chloroform, to the amount of two or three per cent., whereby 
its density is decreased to a spec. grav. of ^m lA9ti to 1.480. 

Chloroform is miscible, in all proportions, with alsolnta 
alcohol, with ether, benzol, carbon bisulphide, and essential 
and fatty oils, and is an extensive solvent for resins, caoutchouc, 
gutta-percha, camphor, parafHn, chloral hydrate, etc ; it also dt»- 
solves Jo<ltne, bromine, and, more or less eompleiely, most vege- 
table alkaloids, which latter it almost completely withdraws 
from their aqueous, alkaline solutions. 

Chloroform is not niiscil>le with glycerin, and is insoltiblft 
in the concentrated mineral acids; when shaken with them, 
even at an elevated temperature, it undergoes no perceptible 
change ; nor is it acted n|K>n by the alkaline hydrates, iodides, 
or broniideB, nor by argentic nitrate. 

Examination of Commercial Impure, and of Purified Chloroform; 

As ^preliminary test for the indication of a partial 
position of chloroform, a test-tube may be rinsed with 
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ammiinisD, and, subsequently, one or two drops of the chlom- 
forra may be allowed to fall to tlie bottom of the tube ; the 
appearance of white fumes would indicate such decomposition. 
In another test-tube, equal volumes of the chloroform and of 
water, the latter eliglitly blued with neutral litmuB-eolutiou, 
are shaken ; a decoloration or a red ajipearance of the water, 
after subsiding, would Hkewige show decomposition. 

The result ot these tests should also be negative, if the 
chloroform has been previously exposed, in a white glasg bot- 
tle, to direct sunlijiht, for about 10 hours. 

Chlorine and Hydrochloric Acid.^-Tvfo volumes of chloro- 
form are shaken in a graduated cylinder (Fig, 57) with one 
Volume of water. A perceptible 
diminutioD of the volume of the 
chloroform, after subsiding, would 
iudicate an objectionable percent- 
age of alcohol. The supernatant 
water must neither appear turbid, 
nor redden blue litmus-paper, nor 
render a precipitate when tested 
with dilute solution of argentic 
nitrate. An acid reaction upon 
litmus, and the occurrence of a 
precipitate with the latter reagent, 
would indicate chlorine and hydro- 
chloric acid. 

Chlorine may also be detected 
by adding the chloroform, drop by 
drop, to a solution of potassium 
iodide (free from iodate) in a test- 
lube. When agitated, the chloro- 
form, after subsiding, will appear 
rose-colored, and the aqueous solu- 
tion yellow, if even traces of chlorine be contained in the chio* 
roform; when this is the case, and the addition ot" chloroform, 
in drops, is continued, each drop, falling through the aqueous 
solution, will assume a slight purplish tint. 

Ethane Chloride (Dutch Liquid), — A little fused potassium 
hydrate is dissolved, in a dry test-tube, in some absolute aico- 
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MiSTXL or rwMKAi. juuLnn 

; wbai the witoign fas wlirifaJ, the fiBT part fa decanted 
into s drj te«t-t«lw, ud ■ Kttle eUamCurm added. Ho nae- 
ttoo win take pbee is the deu- Snd, utkaB the 
eofttuiM Doteb liquid, ia which caae aa devalHB of 
tore will sppesr pereeptibk hj a naall 
ia tbeli<)tiid; a slight ertJatkni of gaafrooi theliqatd 
oeevr, aod a crrBtalliae pncipctate of pniawinni iihloride. 

A le a M . — Since meditinal diknftnn, aa Hated abore, eoD- 
taina about two or three per cent, of aleuhol, as examtnatioa 
for an adiniitDre of ahwhol bj one of the fbllowii^ sensitiTe 
teita would obviouslr be a etmtradieiio im adjecto. The epe- 
aSc graritj, the Tolnmrtric test in the preceding exunioation, 
and the propertr of cMoroform to f<»in « perfectly dear and 
transparent miitnre with eweet oil of almonds, wLich it will 
not do if it coDtaine more than fire or ax fiet cent, of alco- 
hol, afford a Bofficimt evidence of the qoality of chloroform in 
tbia respect. A chloroform which has a tpec grav. of less 
than 1.4S, at 15.5° C, and which renders oil of almonds torbid, 
and causes a perceptible rise of temperatttre when eaddenlj 
shaken, in a drr te&t-tnbe, with an eqnal Tolome of ooDcen- 
traled Gnlpharic acid, cannot be considered as being of oJEcinal 
strength. 

Ted* for the DOeetim of AictAel in CHionfonn, 

1. Strong enlpbnric acid, to which a little potassinm bichro- 
mate bag l>eeD added, when ehakca with an equal bnlk of chlo- 
roform, will turn green, if the latter contains alcohol. 

2. Two volnmes of chloroform and one volome of concent 
trated enlpbnric ncid are mixed in a bottle closed with a glau 
stopper ; after repeated agitation, the bottle is set a&ide for a 
few lionre ; the liquid is then carefully diluted with about an 
equal bulk of water, the supernatant aqueom liquid is decanted 
into a beaker, and so much of a mixture of pure barium carbon- 
ate in water U added, with constant stirring with a glass rod, 
aft complelelj- to neutralize the acid, eo that, after gentle warm- 
ing, the cooled liquid does not change blue litmus-paper; it is 
then passed through a moist filter, and the tiltrate tested with 
diluted sulphuric acid. If the chloroform contained traces of 
alcohol, this wonld have given rise to the formation of ethyl- 



I 
I 



OIKCHONIA. 



181 




BDlphuric acid (suli»hovinic acid), and eubsequently to soluble 
barium etiiyl-sulpliato, contained in the filtered eolutioii, and 
which is precipitated by sulphuric acid 
aa barium Buiphate. Cuneequently, 
the occnrrenee of a wbite precipitate 
will be evidence of the presence of alco- 
hol. 

3. A mixture of two volumes of the 
chloroform with five volumea of water ih 
wanned, in a teat-tube, to about from 30" 
to 40° C, ; after violent agitation for a 
few minutes, the liquid is passed through 
a moist filter, and to the filtrate 
is added a little Bolution of iodin- 
ized potassium iodide; liquor po- 
tassffi is then gradually added, 
until the color of the liquid dis- 
appears. After 12 hours' stand- 
ing in a conical glass, a crystal- 
line deposit of iodoform (Fig. 58) 
will have taken place, if alcohol 
be prepenl ; the crystals may be 
recognized under the microscope, 
when the deposit is carefully re- 
moved, by means of a small pi- 
pette {Fig. 59), from the lowest 
|x>int of the conical glaea, and 
transferred to a glass slip. 

L 

permanent m the air ; when gently heated, in a dry test-tube, 
two moleculee of water of crystallization are expelled, and, 
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CTNCHONINUM BEU CIKCHOmXJM 8CLPHURICTTM. 

Sulphate o/ Cinehonia or CinehoHinr. Cinekonia Sulphate. 
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upon a stronger lieat, tfic salt fuses to a red, resinoJd i 
becomes charred, and is finally completely dissipated. 

Cinchonia eiilpliate dissolves in about 56 parts of cold, and'l 
in much less boiling water, in seven parts of alcohol and in 3Sl 
parts of chloroform, and scarcely at all in ether (diatinctionl 
from qainia sulphate), but it is readily solable in dilnte acidbl 
Its aqueous solution has a very bitter taste, and exhibits i 
fluorescence ; it is precipitated by solutions of tannic aci<^l 
potaEsio-m ere uric iodide, potassium bicarbonate (distincti<Ht I 
from morphia and strychnia), of barium and calcium cblo*! 
ride^, and of ammonium hydrate ; the precipitate with the lat- ff 
ter reagent is not dissolved by ether, when added and ^tated 1 
with it ; nor does aqua ammonise cause a green reaction, when I 
added to the solution of cinchonia sulphate in chlorine-water. I 
(distinction from quinia). 

When concentrated sulphuric acid is poured upon cinchonia 
sulphate, in a dry teat-tube, it dissolves it without color (dis- 
tinction from salicin and brucia), and the subsequent addition 
of one drop of a. solution of potassium bichromate produces a 
green coloration (distinction from strychnia). It is also dis- 
solved without color by strong nitric acid (distinction from 
moq^hia). 



Codtia. Codeine. 

Colorless, transparent, rectangular octahedrons, which fuse 
at a temperature below the boiling-point of water, and, when 
heated upon platinum-foil, bum away without a fixed reai- 
due. 

Codeia is soluble in 80 parts of cold, and in IT parts of 
boiling, water, and freely in acidulated water and diluted acids, 
and in alcohol, ether, and chloroform. When heated with leas 
water than required for solution, or when dropped into boiling 
water, it sinks to the bottom, and melts. The aqueous sola- 
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tion of codeia has an alkaline reaction and a very bitter taste, 
remains* unchanged upon the addition of aqua ammonisd or 
liquor potass®, and forms precipitates with tannic acid, with 
iodinized potassium iodide, and with potassio-mercuric io- 
dide. 

When a small portion of a cold, saturated, aqueous solution 
of codeia, in a test-tube, is saturated with one or two drops of 
diluted sulphuric acid, and warmed, it becomes turbid upon 
the addition of one or a few drops of liquor potasses, but is 
rendered transparent again upon dilution with water. Solu- 
tion of codeia gives no blue reaction with ferric salts, nor does 
it reduce iodic acid upon addition of an iodate, nor does it suf- 
fer any coloration upon the gradual addition of concentrated 
sulphuric acid, and subsequent addition of a trace of potassium 
bichromate. 

Concentrated sulphuric or nitric acid dissolves codeia with- 
out coloration, and the solution in the former acid acquires a 
bluish tint upon the addition of one drop, or part of a drop, of 
a solution of a ferric salt. 

These characteristics of codeia are sufficient to ascertain 
its identity and purity. Fraudulent admixtures, like sugar- 
candy and crystallized salts, are at once indicated by their 
ready solubility in cold water, and by their insolubility in alco- 
hol and ether, and the latter also by a fixed residue upon incin- 
eration on platinum-foil. 



COFFEINUM. 
Coffeia, Coffeine* Theine, Onaranine. 

White, slender, silky needles, which contain one molecule 
(8.4 per cent.) of water of crystallization, and which fuse at a 
gentle heat, and sublime in feathery needles. When added to 
concentrated sulphuric acid, in a dry test-tube, cofEeia dissolves, 
forming a colorless solution, which turns yellow upon the addi- 
tion of one drop of a solution of potassium bichromate. Con- 
centrated nitric acid oxidizes coffeia rapidly, forming com- 
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pounds wliicli aBsume a purple color when moistened with, or 
exposed to the vapors of, ammonia. When coffeia is addfd to 
chlorine- water, in a small porcelain capsule, and evaporated to 
dryness, a purple residue is left, which becomes yellow upon 
further heating, and red again, when moistened with, or ex- 
posed to the vapors of, ammonia. 

Coffeia dissolves in about 100 parts of cold, and 10 parts or 
lees of boiling, water; the warm saturated solution sej>nrates, 
on cooling, most of the alkaloid; addition ot dilute acids in- 
creases its solubility in water. It is freely soluble in chloro- 
form, in 160 parts of absolute alcohol, and in about 300 parts 
of ether. Its aqueous solution has a bitter taste, and remains 
unaltered, and does not assume a purple color when it is ex- 
posed to the fiir, after the addition of a little aqua ammonin 
(distinction from phlorizin). 



COLCHIOIA. 
COLCHICINUU. 
Colehieia. Cotehieine. 



i 



An amorphous, yellowish-wliite powder ; when heat«d vpoa 
platinum-foil, it melts and burns away, with intumescence. 
Added to concentrated sulphuric acid, in a dry test-tube, it 
agglomerates, and, upon agitation, dissolves, with an orange- 
yellowish color, which soon turns yellowish-brown, but not vio- 
let (distinction from veratria) ; strong nitric acid, or sulphu- 
ric acid to which has been added a little nitric acid, colors it 
deep violet, which color passes into indigo-blue, and quickly 
becomes, next, olive-green, and then yellow. 

Colehieia is freely soluble in water (additional distinction 
from veratria), alcohol, and chloroform, and leas so in ether. 
Ita aqueous solution has a very bitter but not an acrid taste, 
becomes turbid with chlorine- water, and assumes, on subse- 
quent addition of aqua ammonise, a yellowish-red color. 



Conia. Conint, 

A colorless, tranepareiit, oily-looking, volatile fluid, becom- 
ing brown and darker upon exposure to warmth and air ; it 
has a strong, penetrating odor, resembling that of a combina- 
tion of the odora of tobacco and mice ; its taste is acrid, sonie- 
■what like that of oil of tobacco. When dropped upon paper, 
conia produces, like an essential oil, only a transient stain, 
which by a gentle warmth entirely disappears. It burns witli 
a bright, smoky flame. 

The spec. grav. of conia is from 0,88 to 0.89 ; when dropped 
upon water, it floats (distinction trora nieotia), 

Conia combines with one-fourth of its weight of water, 
forming a hydrate ; it ia but sparingly soluble in water, one 
part requiring about 100 parts of cold water ; the solution has 
an alkaline reaction, becomes turbid when warmed, turns 
brown when exposed to the air. and gradually deposits a 
brown resinous mass; it forms white precipitates with tannic 
acid and with potassium mercuric iodide. 

Oonia dissolves reailily in water acidulated with hydrochlo- 
ric acid, and is miscible with alcohol, ether, chloroform, car- 
bon bisulphide, and fixed and volatile oils. 

Conia produces white fumes with the vapors of nitric, hy- 
drochloric, and acetic acids ; when dropped into strong sulphu- 
ric acid, it dissolves without color; upon addition of one drop 
of a solution of potassium bichromate, a reddish-brown color 
ensues, which, however, quickly turns to an olive-green. Con- 
centrated nitric acid turns conia deep purple, and an excess of 
the acid prodnces a vehement reaction, with the evolution of 
nitrous acid. The alkaline hydrates do not act upon conia. 

Examinatioa : 

The admixture of volatUa or fixed oUa, or of ammonium 
hydrats (which may abo have resulted from gradual decompo- 
sition), may be detected by mixing one drop of conia with 10 
drops of water, upon a watch-glass or in a test-tube, and by 
Bubeeqaent addition of one drop of strong hydrochloric acid ; 
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tlie couia bIiouM readily and wlioU; diBsolve to a clear homt^ 
geneons solatioii ; any turbidity or oily appearance would indi- 
cate such an admixtare. It', now, about half a drop nf eolation 
of platinum chlorlda is a<lded, a yellow precipitate will take 
place if ammouiuDi hydrate be present. 



^H^ liquor 

^fe aqaa) 

m 



OBEASOTUH. 

CREOSOTUH. KKE080TUK. 

CrtatoU. WooA'Tar CrMtoU. 

A distinction has to be made with commercial creaaote be- 
tween the creasote obtained from wood-tar and that derived 
from coal-tar; the latter is principally a mixture of impure 
phenol, cresol, aud similar homologous alcohols, or only an in^ . 
pure carbolic acid, and exhibits the properties and reactions a 
carbolic acid (see page 78). 

Wood-tar creasote is a colorless, somewhat oily liquid, of « ' 
peculiar, persistent odor, resembling that of smoked meat, and 
of a caustic, pungent taste ; it does not crystallize, nor become 
solid, when its temperature is lowered down to —27° C. (dia- 
tinction from coal-tar creasote); it boils at about 200° C. 

Wood-tar creasote is heavier than water, and less readily 
dissolved therein than carbolic acid, requiring about 80 parts 
of cold, and 2i parts of boiling, water for solution ; its solubil- 
ity, sjwcific gravity, and boiling-point, however, alt vary, since 
creasote is not an homogeneous snbstance. It is miscible with 
alcohol, ether, chloroform, benzol, and carbon bisulphide, with 
anhydrous glycerin, and with fatty and essential oils; it dis- 
solves resins, camphor, and fats, and is soluble in acetic acid; 
it coagulates albumen, but not collodion, mixes with ooncen- 
trated sulphuric and nitric acids with decomposition, and with 
liquor potassfe without decomposition, but is not miscible with 
aqua ammoniES. 

A slip of pine-wood iinmerBed in wood-tar creasote, and 
afterward in hydrochloric acid, acquires a greenish color, on 
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exposure for a short time to the air. Creasote is a powerful 
refractor of light ; when exposed to the air and light, it does 
not decompose, but absorbs moisture, and becomes in time yel- 
lowish or reddish. It is combustible, and bums with a sooty 
flame. 

Examination : 

The admixture of volatile or Jixed oils and oUy impurities 
may be detected when about one drachm of the creasote is agi- 
tated with three drachms of strong acetic acid ; a clear solution 
must take place; a remaining oily layer or oily appearance 
would indicate such admixtures. 

The distinctions between woodAar creosote and coal-tar creor 
sotCy or woodAar creosote with an admixture of the latter j are 
the following : 

Wood-tar creasote remains liquid when cooled in a mixture 
of broken ice and common salt ; coal-tar creasote and carbolic 
acid either solidify or deposit crystals at such temperatures. 

Wood-tar creasote, when mixed and shaken with collodion, 
produces a clear liquid ; carbolic acid and coal-tar creasote form 
a kind of jelly. 

The aqueous solution of wood-tar creasote forms, with a few 
drops of neutral solution of ferric chloride or sulphate, a yel- 
lowish or yellowish-green turbidity ; the solution of coal-tar 
creasote gives, with the same reagent, a blue or bluish-violet 
coloration. The same reagent, with an alcoholic solution of 
wood-tar creasote, gives a green coloration, and with that of 
coal-tar creasote, a brown one. 

Wood-tar creasote is not miscible with aqua ammonis for- 
tior, while coal-tar creasote and carbolic acid are. 

Wood-tar creasote may also be distinguished from carbolic 
acid, or from coal-tar creasote containing it, by the following 
comparative tests : 

Nine drops of each sample of the creasote or carbolic acid 
to be tested are placed separately in as many small test-tubes 
as there are samples; to each tube is then added one drop 
of liquor ferric chloride, of a spec. grav. of 1.35 ; creasote 
will yield a colorless, carbolic acid a yellowish, mixture ; five 
drops of strong alcohol are then added ; creasote forms a green 
solution, carbolic acid a brown one; and when, finally, 60 
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drops of water are added, the creaaote aolutiim becomea turbid, 
and of" a diiipy-browniali color, and aeparates drops of creasote ; 
while that of carbolic acid turns a beautiful blue and romaina 
transparent, or if, at first, a few oily drops are separated, they . 
will rediseolre on agitation. 



CDTKI AOETAB. 

CUPRUM ACETICUM. 

Acetate of Copper. Cvprie Acstate. 

Transparent, dark-green, rbomboidal prisms, slightly effli>- I 
rescent on the surface, and emitting the odor of acetifi acid 1 
when triturated or warmed with strong nitric or Bulpliuric | 
seid, 

Cupric acetate dissolves in 14 parts of cold, and in 5 parts J 
of boiling, water, and ia also soluble in alcohol, especially when \ 
acidulated with acetic acid ; its solutions have a bluish-green 
color, a nauseous, styptic taste, and assume, when much dilnted 
with water, an azure-bine color upon addition of aqua aimno- 
ni(B or solution of ammonium carbonate, remaining clear 
upon the subsequent addition of liquor potaasie. I 

The absence of iron and other impurities may be sufficient^ ' 
ly ascertained by heating and precipitating the aqueous fioln- 
tion of cupric acetate with an excess of liquor sodffi ; when 
cool, the liquid is filtered ; the filtrate must render no reaction 
with hydrosniphnriu acid. On the other hand, the aqneona 
solution of the aalt, when acidulated with hydrochloric acid^ I 
and completely precipitated with hydroeulphuric acid, mast j 
yield a filtrate which leaves no residue upon evaporation upon J 
platinum-foil, and does not become turbid with sodium carbo* j 
nate. 

Cupri SabacetaL — Aenigo or verdigris is a mixture of BeT» J 
eral basic cupric acetates with various impurities ; it occors in J 
masses of a pale-green or bluish color, and burns away wfa^^ 
heatftl upon charcoal before the blow-pijie, leaving behind mo» I 
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tallic copper. When heated in a test-tube, with concentrated 
snlphnric acid, it emits acetio*acid vaporg. Water resolves ver- 
digris into a soluble acetate and an insoluble basic acetate ; it 
is soluble in diluted acetic, hydrochloric, nitric, and sulphuric 
acids, and in an excess of solutions of ammonium hydrate or 
sesqui-carbonate ; the insoluble remainder consists mainly of 
impurities, among which calcium carbonate (crude chalk) is 
recognized by eflfervescence of the verdigris with acids. For 
further examination, part of the solution in acid is completely 
precipitated with hydrosulphuric acid ; the obtained filtrate 
must leave no residue upon evaporation, nor afford a precipi- 
tate when over-saturated with sodium carbonate ; a residue and 
a brown precipitate would indicate iron, and also earthy ad- 
mixtures. 



OUPBI 0XIDX7X. 

CUPRUM OXYDATUM. 
Blaei Oxide qf Copper. Ouprie Oxide, 

A dense, black powder, when prepared by ignition of cupric 
nitrate, or a less dense, bluish-black, soft powder, when ob- 
tained by precipitation. It remains unaltered when heated to 
redness, is insoluble in w^ter and alcohol, but slightly soluble 
in saliva and in the gastric juice, and readily soluble in acids ; 
its solutions have a blue or greenish-blue color, and they as- 
sume, when so much diluted as to appear almost colorless, an 
azure-blue color upon addition of aqua ammonise, and a red 
color with potassium ferrocyanide. 

Examination: 

Cupric nitrate and nitrite are recognized, in the oxide, by 
the evolution of acid nitrous vapors, when heated, in a test-tube, 
either dry, or with concentrated sulphuric acid ; if they are not 
distinctly recognized by the odor, they are by their action upon 
moist blue litmus-paper, when held in the orifice of the tube. 

Metallic Impurities. — ^About 20 grains of the cupric oxide 
are dissolved in three drachms of warm concentrated hydro- 
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oblorio acid. A Bmall portion of this solution is warmed in a 
test-tube, and toinpletply precipitated witli an excess of hydro- 
Bulpburic acid ; the filtrate is over-saturated witli Eodium car- 
bonate, and allowed to stand for several hours ; an eDsnin^ 
I precipitate would indicate metallic (ferric) or earthy oxides. 




The remaining greater portion of tte hydrocliloric-aeid aolo- 
tlon may be tested for arsenic by placing it upon granulated rinc, 
in a large test-tube, which is tlieti closed with a buncli of cottou, 
moistened witli solution of plumbic acetate, and with a 
cover or a cork, provided with & strip of paper raoiatened 
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Bolntion of argentic nitrate (Fig. 60). The test is then con- 
ducted as described on pages 30 to 32. A dark coloration of 
the argentic-nitrate solution would indicate arsenic. 



CUPRUM SULPHURICUM. 
Sulphate of Copper, Cuprie Sulphate, 

Large, transparent, oblique, rhomboidal prisms of a deep- 
blue color, containing live molecules (36,08 per cent.) (tf water 
of crystallization ; they are slightly efflorescent in the air, and 
lose, when heated, four molecules of water at 100° C, the fifth 
one being retained until a red heat, when decomposition takes 
place, with the evolution of sulphurous acid and of oxygen, 
leaving behind black oxide of copper. 

Cuprie sulphate is soluble in four parts of cold, and in less 
than its own weight of boiling, water, but insoluble in alcohol ; 
its solution has an acid reaction, a strong metallic, styptic taste, 
and, when diluted with so much water as to make it appear 
almost colorless, reassumes a blue color upon addition of aqua 
ammoniee ; it gives a white precipitate with barium chloride, a 
reddish-brown one with potassium ferrocyanide, and a green 
one with arsenious and arsenic acids, and subsequent neutrali- 
zation with liquor potassse or sodse. 

Szamination : 

Ferrous snlpTiate is recognized by dissolving the sulphate in 
diluted aqua amnlonise, or, in solutions, by adding an excess 
of aqua ammonise ; the ferrous hydrate is precipitated along 
with the cuprie hydrate, without being redissolved in an excess 
of the reagent. 

Traces of iron may be detected by mixing an aqueous solu- 
tion of the salt with twice its volume of chlorine-water, and by 
the subsequent addition of aqua ammonise ; the precipitate, 
formed by the first addition of the ammonium hydrate, will be 
dissolved by a sufficient addition of the reagent, yielding a com- 
plete violet-blue solution. This is then filtered, and. when all 
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the liquid lias passed tlirougU the filter, the latter is waehi 
with a little dilute aqua ammonia ; a brown coating, remaii 
ing upon the filler, would indicate traces of iron salts. 

Magn€aivm, Zinc, Potaaaium, and Sodium Sulphates. 
Abiiut oue drachm of the cupric sulphate, taken from a nun**] 
ber of triturated crystals, is dissolved in two ounces of hot 
water, the solution is acidulated with a few drops of diluted 
Iiydrochloric acid, and, while warm, completely precipitated 
with hydrosulphuric-acid gas ; after a lew hours, it is filtered, 
and the filtrate evaporated to dryness ; if any residue remains, 
it is dissolved in a little water, and divided into two portions, 
one of which is tested with ammonium sulphydrate, the othec 
with a few drops of aqna ammoniee and of solntion of eodim 
phosphate : a white precipitate with the first reagent 
indicate sine, with the second one, magnesium. If neither 
these be present, the residue can only be an alkaline eulphate.! 
Eitimation of Commeroial Cmde Caprio Sulphate ; 
The following is a simple and ready mode of ascertaining 
the percentage of cupric sulphate contained in crude blue vit- 
riol, some inferior kinds of which are largely crystallized to- 
gether with ferrous sulphate : One hundred grains of the salt, 
taken from a portion of the mixed and triturated crystals, are 
dissolved, in a small tared heaker-glass, in about one ounce and 
a half of water; when necessary, the solution is filtered, and 
the filter washed with one or two drachms of water ; tlie fil- 
trate is returned to tho beaker, is acidulated with about one 
fluid-drachm of concentrated hydrochloric acid, and then s 
piece of a thin zinc rod, about one inch long, is suspended 
in the solution by a very thin 
platinum- wire (Fig. 61) ; the 
beaker is then allowed to stand 
perfectly quiet for 24 lioara. 
After that time, the copper will 
have precipitated as a bright, 
spongy mass, around tlie zinc 
rod. In order to ascertain if the 
precipitation has been complete, 
few drops of the solution are taken by a glass rod or a pipette, 
and dropped into a little aqua ammonitB, or into a little Iiyi 
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snlphorio acid acidulated with a few drops of hydrochloric acid ; 
they will produce a blue coloration in the first instance, and a 
black turbidity with the second reagent, if any copper is left in 
solution. The copper is then carefully and completely removed 
from, the zinc rod by means of a camel's-hair brush, and, if 
necessary, the apparatus is allowed, after the addition of a little 
diluted hydrochloric acid, to stand for 24 hours more; then, 
when the copper is completely abstracted from the solution, it is 
brushed down into the liquid, and washed from the zinc by 
means of a washing-bottle ; the zinc is now removed, a little 
diluted hydrochloric acid added, and the copper allowed to de- 
posit ; when this has taken place, the supernatant liquid is 
carefully removed by decantation, or by means of a pipette, 
and water is added and removed in the same manner as soon as 
the copper has subsided ; this washing is repeated several times, 
until the water ceases to redden blue litmus-paper. Then the 
beaker with the copper is completely dried, and is finally 
weighed. The weight gives the quantity of metallic copper, 
and, multiplied by 3.933, the corresponding quantity of crystal- 
lized cupric sulphate, contained in 100 grains of the blue vitriol. 



CTTPRTTM AMM0NIATX7M. 

CUPRUM SULPHURICUM AMMOI^IATUM. 
Ammonio' Sulphate of Copper. Ammoniated Cupric Sulphate. 

A deep azure-blue, crystalline powder, of an ammoniacal 
odor ; exposed to the air, it loses gradually ammonium hydrate, 
and assumes a greenish appearance ; this same decomposition 
takes place rapidly upon heating, and leaves behind basic cupric 
sulphate. 

Ammoniated cupric sulphate is soluble in one and a half 
part of cold water ; incomplete solubility indicates partial de- 
composition. When the solution is diluted largely with water, 
it becomes turbid, and separates basic cupric sulphate, which, 
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however, iit rcdissolved upon the addition of aqna ammonin 4 
of acids. 



BiaiTAUinTlL 

Digitalin. 

Commercial digitaiin varies somewhat in its physical prop- ' 
ertiea, in consequence of different modes of preparation and 
different gradea of purity. 

German digitalin, which is mostly tised in the United 
States, forms yellow iah-white or yellowish -brown porons scales 
or powder, inodorous, and of an intensely hitter taste; 
heated npon platiuum-foil, it bums off slowly, with intu- 
mescence. It is soluble in water, forming a tnrbid, neutral 
liquid, which foams upon agitation ; it is also soluble in alco- 
hol, partly so in cliloroforra, and insoluble in ether. Ita aqne- 
oas solution, when slightly acidulated with hydrochloric acid, 
becomes first turbid, and a floccnlent white precipitate Boon en- 
sues, especially upon gentle warming. When the liquid, aft«r 
several hours, is filtered off, and over-saturated with sodium 
carbonate, it turns blue upon the addition of one drop of dilute 
solution of cupric sulphate, and, when set aside, in a warm 
place, depofite, after a while, rod cuprous oxide. 

When about two drops of llie aqueous solution of digttalin 
arc mixed, iu a test-tube, with four or five drops of strong hy- 
drochloric or sulphuric acid, the liquid remains at first clear, 
hut, when immersed in boiling water, it turns successively yel- 
low, yellowish green, and then yellowish brown, and a precipi- 
tate is formed, which, upon addition of water to tlie liquid, 
appears white, with a slightly greenish tint ; the supernatant 
liqnid shows the same color. Alter some tin^^, this tint disap- 
pears, and the precipitate as well as the liqnid becomes colore 
less. When the same test is j)erformed with a dilute solution 
of sugar and with hydrochloric acid, a similar reaction takes 
place, but without the formation of any precipitate. 

Digitalin prepared by the process of Ilomolle and Qu, 
forms either a yellowish- white powder or a white, porous, n 
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millated mass, or Bmall Bcales, almost ingolable in cold and 
warm water and in ether, but readily soluble in alcohol and in 
acids ; it is also soluble in chloroform. If not already purified 
by solution in 'chloroform, and subsequent evaporation, as it 
now occurs in commerce, this digitalin, when treated with chlo- 
roform, leaves an insoluble residue behind, and the solution 
yields, upon evaporation, th^ crystallizable digitalin.**^ Its solu- 
tion in hydrochloric acid is of a faint-yellowish color, but soon 
changes to green ; upon dilution with water, it is decolorized, 
and digitalin separates in a resinous state. Its solution in ni- 
tric acid is at first colorless, but becomes yellow and remains 
so after subsequent dilution with water. Sulphuric acid dis- 
solves it with a green color, disappearing upon dilution with 
water. Moistened with sulphuric acid and afterward exposed 
to the vapor of bromine, it assumes a violet color. 



EMETINUH. 
Emetine. JSmetia. 

A whitish or yellowish-white, inodorous powder; heated 
upon platinum-foil, it melts, and bums off without residue ; it 
is sparingly soluble in cold water and in ether, more soluble in 
boiling water, and freely in alcohol, chloroform, and diluted 
acids. The latter solutions have a slightly yellowish color and 
a bitter taste, and form white precipitates with tannic and gallic 
acids, with potassio-mercuric iodide, and with solutions of po- 
tassium carbonate, bicarbonate, and hydrate, the precipitate 
with the latter reagent being soluble in an excess of the pre- 
cipitant. The solution of emetia, in water acidulated with 

' * Becentlj a mode of preparing this glacoeide has been devised whereby it ia 
obtained from its solution in chloroform in fine, colorless, shining needles, intensely 
bitter, and, as is claimed, of a far greater physiological action ; it gives an intense 
emerald-green coloration with hydrochloric acid, is almost insoluble in benzol and in 
pare ether, only sparingly soluble in water, soluble in 12 parts of alcohol, and abun- 
dantly soluble in ohloroform. 
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hydrochloric acid, remains colorle^ upon the addition of di- 
luted solution of ferric chloride (distinction from morphia) ; nor 
does it render any reaction with concentrated sulphuric acid, 
either alone or after the addition of a little potassium hicbn^ 
mate; concentrated nitric acid colors the solution yellowiali, 
and, upon warming, yellowish red. 



FEKRI ASSENl&S. 

PERRCH ARSENICrU. 

ArttitiaU i^Iron. Ferrovt-Ferrio AruniaU. 

When freshly prepared, an araorphpus white powder, whicH 

quickly becomes green or greenish blue ; when healed in a dry 

teat-tuhe, it emits water- vapors, and, afterward, a crystalline 

sublimate of arseutous acid, leaving behind a dark residue, 





which evolves the odor of arsenic when boated npon charcoal 
before the blowpipe, and givea rise to the formation ol an 
arsenic-mirror, when heated with a little potassium cyanide, 
in a narrow tube {Fig. (i3). 

Arseuiate of iron is insoluble in water, but readily 
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in warm hydrochloric acid, forming a yellow solntion, which, 
when highly diluted, gives a blue reaetion with both potascium 
lerrocyanide and ferricvanide; when the solution ib mixed 
with several times its bulk of hydroaulphuric acid, and set 
aside in a corked vial, in a warm place, first a white turbidity 
(Bulphur) appears, and, after some time, a yellow precipitate. 
Ferrous- ferric arseniate, when boiled in a solution of sodium 
carbonate, yields a tiltrate which, when exactly neutralized 
with nitric acid, gives a brick-red precipitate with argentic ni- 
trate, and a white one with aramoniated magnesium sulphate. 

Ezamiuation : 

About one drachm of the powder is shaken with a little 
tepid water, and the filtrate is tested by evaporation on plati- 
num-foil, as well as with barium chloride ; neither should a fixed 
residue remain, nor a white precipitate be formed, as thereby 
an insufficient washing of the ferrous-ferric arseniate would be 
indicated. 



PBBBI CAHBONAS SAOCHASAT&. 
PERRUM CARBONICCM SACCHARATCM. 

Satehorated Carbonate of Iron, or Ferrout Carbonate. 

A greenish-gray powder, permanent in the air, having a 
■ sweet, feebly -chalybeate taste. Heated in a dry test-tube, it is 
charred, with the evolution of the vapors and odor of burning 
caramel. Wlien shaken 'with cold water, this dissolves the 
Bngar, and a little of tlie ferrous carbonate, which may be pre- 
cipitated, for the most part, as ferrous hydrate, by boiling the 
solution ; the powder is wholly and readily soluble, with efier- 
VRScence, in hydrochloric acid, forming a yellow solution which 
gives, with reagents, tlie reactions of ferrous salts. 

A saecharated carbonate of iron which has a reddish color, 
ftod affords no brisk effervescence with acids, should be re- 
jected. 

ExusiiuLtion : 

Svlphatea may be detected by shaking a little of the pow- 
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der with warm water, in a teat-tiibe, and by testing tlie filtrate, 
acidulated with a few dropa of diluted nitric acid, with bKriom 
nitrnte ; a white precipitate would indicate sulphate, left from 
iuautlicient washing in the preparation. 

Ciypptr and Zinc. — The remainder upon the filter of the 
preceding test is digested in a teat-tube, with a little solu- 
tion of ammonium sesijui-carboiiate, for about one honr. The 
liquid is then filtered ; a bluish color of the filtrate would indi- 
cate the presence of capper, and the formation of a white pre- 
cipitate, upon the addition of a lew drops of ammonium 
Bulphydrate, that of sine. 



FBBIU OHLOBIStm. 
FEBBI FERCQLOIUDDH. FERRUU SESQUI-CHLORATUIL - 

Sitpit-CMaride tif /ran. PtreKlotidt ^ Iron. Ftrrie Chloride H 

Orange-yellow, crystalline masses, or, when obtained in the 
dry way, fragments having a radiate, crystalline structure, and 
brown color, with a metallic lustre, the former containing 13 
tnoleculee (40 per cent.), the latter, 5 molecules (23 per cent,), 
of water. Ferric chloride is deliquescent; when heated in a 
retort, it fuses at a gentle heat, fpving off water ; upon stronger 
lieat, much of the chloride is decomposed, yielding ferric oxide 
and hydrochloric acid ; part of the chloride sublimes, and con- 
denses in the form of small, brilliant, red needles of anhydrous 
ferric chloride, which is very deliquescent. 

Ferric chloride is freely soluble in water, alcohol, and gly- 
cerin, and also, but less readily, in ether and chloroform. A 
strong aqueous solution, of a spec. grav. of 1.355, forms the 
officinal Liqtwr ferA cHloridi. This, as well as the solution 
of the salt, has an acid and strongly styptic taste, and an acid 
reaction on test-paper; when diluted with water, they give a 
blue precipitate with potassium ferrocyanide, a white one with 
argentic nitrate, and a bulky reddisb-brown one with the alkmr 
line hydralee. 
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Zmninfttion r 

Ferric chloride must yield a complete and clear solution in 
water and in alcohol ; if a reddish, insolnble residue remains 
behind, the chloride has undergone partial decomposition. 

Femms chloride is detected, in the greatly diluted solution, 
bj the formation of a blue precipitate with potassium ferri- 
cyanide. 

Fiaoed Impurities^ other MetaUio CMoridee^ and Nitric and 
Stdphuric Acids. — About 20 grains of the ferric chloride, or 
one drachm of the officinal liquor ferri chloridi, are dissolved 
in, or mixed with, about one ounce of water. To this solution, 
about half an ounce of aqua ammonisB is added, or so much as 
completely to precipitate the iron, which may be ascertained 
by allowing a drop of the liquid to fall upon a glass pane, on 
which several drops of a solution of potassium ferrocyanide 
have been placed. The precipitation is accomplished when the 
blue reaction with this reagent ceases. The liquid is then 
warmed to near boiling, is subsequently filtered, and evapo- 
rated to about one-fourth of its volume. It is then tested, in 
separate portions, for Jixed impurities^ by evaporation, and 
heating to redness, upon platinum-foil ; for metallic impurities 
(copper and zinc), by mixing a portion of the solution with an 
equal volume of hydrosulphuric acid ; for nitric acid^ by mix- 
ing another part with an equal volume of diluted sulphuric 
acid, and by testing it, in two portions, with solution of in* 
digo and solution of potassium permanganate ; a decoloration 
of the faintly-colored solutions, upon gently warming, would 
indicate nitric acid ; for sulphuric acidy by testing another 
part of the solution, acidulated with a few drops of hydrochlo- 
ric acid, with barium chloride. 

The presence of nitric acid may be confirmed by mixing a 
portion of the solution, or of the diluted liquor ferri chloridi, 
with a strong solution of ferrous sulphate, and by subsequent 
addition of concentrated sulphuric acid, in single drops ; they 
will cause a dark coloration, if oxides of nitrogen be present. 



MANDAL OF CHEMICAL ANALYSIS. 



N 



FSKBI CITSAS. 

FERHUU CITRICDM. 

CilraU qf Iron. Farrie CilraU. 

Thin, transparent scales, of a garnet-red color, permanent 
in the air ; wlien heated on platinam-foil, tbey are charred 
withont fusing, and without the evolution of an ninmoDiacal 
odor (distinction from ammonio-ferric citrate); when uoi»- 
pletely incinerated, red ferric oxide is left, which, wlien cool, , 
should have no alkaline reaction upon moist turmeric or liu 
mus paper (dbtinctiou from potassio-t'erric tartrate). 

Ferric citrate is slowly soluble in cold, and readily in hot, 
water, and insoluble in alcohol ; its aqueous solution has a yel- 
low color, a mild chalybeate taste, and a neutral reaction ; it 
is not precipitated by ammonium hydrate, and causes a deep- 
blue turbidity when dropped into water to which a few drops 
of hydrochloric acid and solution of potassium ferrocyanide 
have been added. 

Examination ; 

F&rric tartrate may be detectpd by completely precipitat- 
ing a solution of ferric citrate with liijuor putassfe, and by teat- 
ing the colorless tiltrate by slightly over-saturating a portion 
of it with acetic acid; when the solution is very dilnte, it ia 
first reduced by evaporation, and, when cold, tested with a few 
drops of concentrated alcoholic solution of potassium acetate ; 
a white granular precipitate, taking place at once or after 
dome time, would indicate tartrate. Another portion of the fil- 
trate is precipitated with calcium chloride, and filtered ; the fil- 
trate, when heated to boiling, should yield a white, granular 
precipitate of calcium citrate, which redissulves on cooling, 
being a confirmatory evidence of the identity of a citrate. 



FERRUIL 201 



AMMONIUM CHLORATUM FERRATUM. AMMONIUM MURIATICUM 

MARTIATUM. 

' Anwumuh Chloride of Iron. Ammonio-Ferrie Chloride, 

An orange-yellow, crystalline powder, somewhat deliques- 
cent, readily soluble in water or glycerin, and to some ex- 
tent in alcohol, forming a yellow, transparent solution, which 
gives a copious rust-brown precipitate with alkaline hydrates, 
and, when very dilute, a deep-blue one with potassium terro- 
oyanide, and a white, curdy one with argentic nitrate. 

Xmninatioii : 

One part of the salt should render a complete and transpar- 
ent solution with live parts of water ; a reddish-brown insolu- 
ble residue would indicate decomposition of the ferric chloride 
by exposure to a too strong heat while drying the salt. 

Zinc and Copper. — The diluted aqueous solution is tested 
with potassium ferricyanide for ferrous chloride, and, when 
found free from it, is completely precipitated with ammonium 
hydrate ; the filtrate is then testod with ammonium sulphy- 
drate, which will cause a white turbidity, if zinc be present, 
and a brownish-black one, if copper. 



FERRUM £T AMMONIUM CITRICUM. FERRUM GITRICUM AMMONIA- 

TUM. 

Citrate of Iron and Ammonium, Ammonio-Ferrie Citrate, 

Thin, transparent, garnet-red scales, of a slightly sweetish 
and astringent taste; they evolve, when heated, water and 
ammonia, and, when completely incinerated upon platinum- 
foil, leave behind not less than 27 per cent, of ferric oxide, 
which should not change the color of moist red litmus-paper 
(evidence of the absence of potassio-ferric salts). Heated with 
liquor potassse, it evolvee ammonia (distinction from ferric 
citrate), and deposits ferric hydrate. 
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Animonio-ferric citrate is readily Boluble in water, glycerin, 
and diluted alcohol, but not in strong alcohol or ether; its 
BolutioQ is neutral or haa a Bligbtly alkaline reaction, remuns 
unaltered with aqua ammonife, and with Bolntion of potae&inm 
ferrocyanide, but produces & deep-blue turbidity in very dilute 
solutions of the latter reagent, upon addition of mineral acids. 

Exaninatioii : 

Anunonio-ferric tartrate may be recognized, as an inci- 
dental or fraudulent admixture or substitution, by complftely 
precipitating a not too dilute aqneous solution of the salt with 
potaesium hydrate; the liquid is heated nearly to boiling, and, 
when cool, filtered; one portion of the colorless filtrate is ex- 
amined by slight over-satiiration with acetic acid, and by- 
subsequent addition of a little alcoholic solution of potasuum 
acetate, and by allowing the liquid to stand for some honrs; 
the formation of a white, crystalline deposit would indicate 
tartrate. 

Another portion of the filtrate is precipitated with calcium 
chloride, filtered, and the filtrate heated to boiling. A white 
precipitate of calcium citrate, disappearing again on coolings 
will bear evidence of the identity of a citrate. 



FEBSI ST AUHOim SUT.PHJLS. 



Sulphate of Iron and Ammonivm. Iron Alum. Ammenio-Ferrie Sttt- 

Fale-riolet, octahedral crystals, containing 24 moleoulee 
(44.8 per cent.) of water of crystallization ; effervescent in the 
air. Ex|Kised to heat, they undei^o aqueous fusion, lose the 
water of crystallization, swell up, and leave a pale-brown resi- 
due. When the crystals are heated with liquor potassee, the 
odor of ammonia is strongly evolved. 

Ammonlo-ferric sulphate is soluble in four parts of cold. 
and in less than its weight of boiling, water; it is less Bolable 
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in glycerin, and insoluble in alcohol, ether, and chloroform. 
Its aqueous solution has a slightly acid reaction, a sour, astrin- 
gent taste, and gives a blue precipitate with potassium ferro- 
cyanide, a brown one with the alkaline hydrates, and a white 
one, insoluble in acids, with barium nitrate. 

When the solution of ammonio-ferric sulphate is completely 
precipitated with liquor potass®, the filtrate, when over-satu- 
rated with hydrochloric acid, should not render a white pre- 
cipitate of alumina upon the subsequent addition of an excess 
of ammonium sesqni-carbonate. 



SSBBZ BT AXXOHZZ TABTRAS. 

FERRUM £T AMMONIUM TARTARICUM. FERRUM TARTARICUM 

AMMONUTUM. 

Tartrate qflran and Ammonium, Ammonio-Ferrie Tartrate. 

Transparent, deep-red scales, of a sweet taste, and of a rust- 
brown color when reduced to powder ; when heated in a test- 
tube, the salt emits vapors of water and ammonia, and, when 
exposed to red heat, upon platinum-foil, it is incinerated, leav- 
ing behind 29 per cent, of red ferric oxide. Heated with po- 
tassium hydrate, it evolves the odor of ammonia. 

Ammonio-ferric tartrate is slowly but freely soluble in wa- 
ter and in glycerin, but insoluble in alcohol and ether ; its solu- 
tion is neutral or slightly alkaline, and, when cold, is not pre- 
cipitated by the alkaline hydrates or carbonates, but is so upon 
boiling it with either of these reagents. Its solution is not 
rendered blue by potassium ferrocyanide, unless acidulated. 
When completely precipitated by potassium hydrate, the fil- 
trate, if not too dilute, gradually yields, after over-saturation 
with acetic acid, a white, crystaUine deposit of potassium bitar- 
trate. Another part of the filtrate may serve for examination 
for metaUic impurities, by acidulating it with hydrochloric 
acid, and by subsequent addition of hydrosnlphuric acid; a 
dark turbidity would indicate other metals (copper) ; if re- 



)^ ILUrUAL or CHEMICAL A.VAtT5I& 

qoirad, the mtare of the precipitate of the salphides mm; ba 
MBcrtained, and the metals contaioed therein recognized, by the 
method deecribed on page 41. 



FEBKI ET POTASSn TASTSAS. 
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FEBSCM ET FOTASSIUll TAKTJLRIcn. 
TartraU ef Ir<ni aaJ i'lrtiuM'aa. P^tturi^Ftrrie Ta 

Transparent, ruby-red scales, of a sweetish aod el^hlly ■•• 
tringent taste ; when heated, they emit at first the odor of baro- 
ing tartaric acid, and leave, upon incioeralion at a red beat, a 
rcfiidue which, when cold, blaee moist red littna^-paper, and 
effervesces when moistened with a drop of hydrochloric acid. 

Potassio-ferric tartrate is freely soluble in water and in ^j- 
cerin, but scarcely in alcohol ; its solution is neutral or slig^tlj 
alkaline, and gives, at common temperatores, no precipitate 
with alkaline hydrates or carbonates, nor with potassium feni^ 
cyanide; but, upon boiling, the former, if they are added in 
sufficient quantity, cause a complete precipitation of the feme 
oxide, and the Utter gives a blue precipitate upon acidulatioD 
of the solution with mineral acids. When the tillered soiudon, 
from the precipitation with alkaline hydrate, is slightly ovei^ 
aaturatcd with acetic acid, il gives, on cooling, if not too dilotA^ 
a ei^stalline deposit of potateium bitartrate. 



FIKRUM BT CHIKIM"! 



Citrate ^/rvn and Qtinia or Qvinint, Qtiinia Ftrrie CitraU. 



•crtfc ^^ 



Thin, transparent scales, varying in their color from a yd- 
lowish-bn.)wn, with a tint of green, to a reddish-brown, accon^ 
ing to the thickness of the scales. When heated, they 
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away with white fumes, and leave, upon incineration, a residue 
of ferric oxide, which ehonld not change moistened red iitmns- 
papcr (evidence of the absence of a1i<a)ine citratee). 

Quinia ferric citrate ia slowly but freely soluble in cold, and 
readily in hot, water, but insoluble in alcohol and etber; its 
solution is neutral or slightly acid, and has a bitter, mild, 
chalybeate taate; it gives a white precipitate of quinia with 
aqua aminoniEe, at common temperature, and the solution 
assumes a deeper color ; but no ferric oxide is thrown down ; 
when the precipitate is collected upon a filter, washed with a 
few drops of cold water, and then dissolved in a little chloriue- 
water, the solution will turn emerald-green upon the addition 
of a few drops of aqua ammoniffi (evidence of the presence of 
quinia, and distinction from ciiichonia). Solution of quinia 
ferric citrate gives a brown precipitate with liquor potasste or 
sodEe, and with aqua ammonise, when heated ; a blue one with 
solution of potassium ferrocyanide, when acidulated with a 
mineral acid, and a grayish-black one with tannic acid. 

Examination : 

The absence or admixture of cheaper scaled ferric salts may 
be ascertained : 

1. By the bitter taste, while the other scaled ferric Baits 
have a more or lees sweetish taste, 

2. By the formation of a white precipitate with aqna am- 
monifB, in the cold, while the ferric citrates and tartrates yield, 
with the same reagent, a brown precipitate, and the alkaline 
ferric salts yield no precipitate at all at common temperature. 

3. By giving no odor of ammonia, nor white fumes with a 
glass rod, moistened with acetic acid, when heated in a test- 
tube with liquor potassce. Any admixture of ammonio-ferric 
salt would be recognized by this test. 

In order approximately to determine the purity of quinia 
ferric titrate, 60 grains of tlie sample are dissolved in one ounce 
of water, and treated with a slight excess of aqna ammonise, in 
the cold; the ensuing white precipitate is, after standing about 
half an hour, collected upon a tared filter, is washed with a 
few drops of very cold water, containing a slight addition of 
aqaa ammoniee, and is dried at a temperature not exceeding 
80° C. ; it should weigh eight grains, and should be aolable is 
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Eix duid-dracliniB of warm ether, aod this eoliition, wlien set 
aside for 24 liuiire, in a corked test-Inljej should not separate 
auy iTystalline deposit of the leea soluble associated alkaloids 
of quiiiia ((juiiiidiu, ciiichoiiia, and c Inchon id ia). 



FESBI FEABOCTAHIDinC. 

FERRUM I'ERROCYANATUH. 

FBrroeyanide ijf Iron, Prvaian Illve. Ferri-Ftrroeyanids. 

A deep-blue, tasteless powder, or hard, brittle, blue tnaseea,' 
ehowinfir, on the freshly-fractured siirfaces, a beautiful broazod 
lustre, which disappears when ihej are powdered. When' 
heated, it emits colorless, inflammable vapors, and the odor of 
ammonia and hydrocyanic acid ; exposed to a high tempera- 
ture in a closed vessel, it gives otf water, ammonium cyanide, 
and ammonium carbonate, and carbide of iron is left behind. 

Ferri-ferrocyanide is insoluble in water, glycerin, and alco- 
hol, and in diluted acids, with the exception of oxalic acid, 
which dissolves it, with a deep-blue color. Concentrated sul- 
phuric acid dissolves it without decomposition, forming a past^ 
from which the ferri-ferrocyanide may be re-precipitated by 
dilution with water. Concentrated hydrochloric acid decom- 
poses it, with the formation of ferric chloride and the evolution 
of hydro-ferrocyanic acid. It is also decomp<*8ed by concen- 
trated nitric acid. Alkaline liydrates and carbonates decom- 
pose it, dissolving alkaline ferrocyanide, and leaving rust-brown 
ferric hydrate behind. 

Commercial PrussiaTi blue is not invariably pure ferri-ferro- 
cyanide, but generally ccmtains aluminium and potassium salts, 
and frequently some uncombined ferric hydrate. These impa- 
rities may be detected by boiling the triturated Prussian bine 
with dilute hydrochloric acid, and precipitating the tiltrate 
with ammonium hydrate, when alnminium hydrate and t'errio 
hydrate are precipitated, while pure ferri-ferrocyanide, treated 
in this manner, yields no precipitate. If the precipitate 



I 
I 

ie, treated | 

ate has to ^^| 



FERRU1C. 207 

be examined for alnminiam gaits, it is collected upon a filter, 
washed, and treated with warm liquor potass® ; a few drops 
of this filtrate, allowed to fall into a solution of ammonium 
chloride, will indicate aluminium salts by a white precipitate. 

Ttramination ; 

Mineral Admixtures. — ^About half a drachm of the i'erri- 
ferrocjanide is heated, in a porcelain crucible, to redness; 
when cool, the residue is dissolved in concentrated hydrochlo- 
ric acid, and should render a complete and clear solution, with 
slight effervescence; a residue would indicate fixed mineral 
admixtures (calcium or barium sulphates). 

MetdU. — To the solution obtained in the preceding test, a 
little potassium chlorate is added, and the solution boiled until 
the odor of chlorine ceases ; it is then diluted, filtered, and the 
filtrate divided into two portions ; these are heated, and the 
one is precipitated with liquor potassse, the other with aqua 
anmionifiB ; after a while, they are filtered, and each of the 
alkaline filtrates is tested with ammonium sulpliydrate ; a 
black precipitate, in the potassium-solution, would indicate 
lead} a brownish-black precipitate and a blue coloration, in 
the ammoniacal liquid, copper ; a white turbidity, in either of 
the liquids, shows zinc to be present. 

Earthy Carbonates. — The ammoniacal liquid of the preced- 
ing test, regardless of the result of the test, is filtered, and 
tested with sodium carbonate; an ensuing white precipitate 
would indicate carbonates of lime^ harium^ or magnesia. 



nOtBI H7POFHOSPRX8. 

FERRUM HYPOPHOSPHOROSUM. 
ffypophaphite qflroru Ferric HypcpKoMphiU, 

A yellowish-white, odorless powder ; when heated, in a dry 
test-tube, it gives off inflammable phosphorous vapors, with 
considerable intumescence, leaving behind ferric pyrophos- 
phate. Since hypophosphorous acid is very prone to absorb 
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oxygen, the salt ia readilv decomposed by all oxidizing ageoti. 
Ferric bypopfaosphite is insoluble in cold water, but soluble in 
diluted hydrochloric acid, forming a yellow solution, which, 
when greatly diluted, gives a blue precipitate with potassium 
ferrocyanide ; it ia readily soluble in solutions of ferric sulphate 
and of sodium hypophoEpbite, 



gRHRT lODnUfM. 



PEBRUX lODATUU. 
FerTo\a Iodide. 



Opaque plates or maBses, of an iron-f^ray color, tnetallin'l 
lustre, and crystalline fracture. When heated in a dry test^ J 
tube, ferrous iodide fuses, and emits violet iodine vapors, finally- | 
leaving behind ferric oxide. 

Ferrous iodide is very deliquescent; it is soluble in its -I 
own weight of water, and also in alcohol and {);lycerin, fono- 
ing yellowish -green aolutions, with a styptic taste; its aqneotw ' 
Bolution gives a copious blue precipitate with potassium ferri- 
cyanide, and acquires a blue colpr upon addition of a littltt 
mucilage of starch, and, alterward, of a minute quantity of 
chlorine- water. Ferrous iodide and its solutions rapidly oii- j 
dize, the latter forming a rust-brown sediment, the former j 
becoming less soluble in water, and yielding a brown solo- 
tiooj one drop of which, when added to a few drops of chlo- ' 
rol'orm, and subsequently shaken with some water, colors the 
chloroform light carmine-red, which is not the case when the 
ferrous iodide ia fresh, and not yet partly oxidized. 

Ferrous iodide is decompoaed by, and therefore incom- 
patible with, acids, the alkaline hydrates and carbonates, and j 
those metallic salta which form insoluble iodides. 

The oxidation of ferrous iodide is greatly obviated by iti i 
mixture with sugar. Upon this fact, the preparation of Fkrk I 
lODiDtiM SAOCHABATUM and of STRUPca FEERi irtoroi are based j , 
both share the chemical properties and reactions of the ferrous 
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iodide. The syrup may be preserved without decompositioiiy 
when kept in a sunny place, in small, well-corked vials, con- 
taining a piece of clean, bright iron wire, or when a few grains 
of tartaric or citric acid are added for each ounce, and the 
whole kept in small, well-corked vials. 



FBBBZ XtAOTAS. 

FERRUM LACTIGUM. 
. Lactate of Iron. Ferrous Lactate. 

Greenish-white, crystalline crusts or grains, or a greenish- 
white powder; * when heated, the salt froths up, with the evo- 
lution of white, acid, inflammable fumes, and becomes black, 
and, when completely incinerated, ferric oxide is left behind, 
which, when cold, should not act upon moist red litmus-paper 
(evidence of the absence of alkaline salts). 

Ferrous lactate is soluble in about 48 parts of cold, and 12 
parts of boiling, water, and almost insoluble in alcohol ; its 
aqueous solution is more or less turbid and of a yellowish-green 
color, and -has a mild,'sweetish, chalybeate taste ; when filtered 
and diluted, it gives a rust-brown precipitate with the alkaline 
hydrates, and a blue one with potassium ferrocyanide, and 
yields a white, granular deposit of mucic acid, on cooling, 
when boiled for fifteen minutes with nitric acid ; plumbic ace- 
tate should cause, in a solution of ferrous lactate, only an opal- 
escence (evidence of the absence of sulphuric, hydrochloric, 
tartaric, citric, and pomic acids). 

* The ferrous lactate of the German manufacturers and shops occurs as a yellow- 
ish or grayiflb-green powder, and is obtained by the following process, which is least 
subject to the formation of peroxide : An alcoholic solution of sodium lactate is 
exactly decomposed by a concentrated aqueous solution of ferrous chloride. Al- 
lowed to stand for 24 hours, in a filled and closely-stoppered bottle, in a cool place, 
the ferrous lactate separates in a thlclc, crystalline crust, which, after the menstruum 
has been removed, is broken by a wooden spatula, and then transferred to a cloth 
washed with a little alcohol, and afterward subjected to a moderate pressure, under 
a smaU screw-press. The resulting lalt cake is broken, and dried at a gentle 
warmth, and finally triturated. 
14 
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Mineral Iitipuritia. — Abont lialf a drachm of the ferrona 
lactHte is completely incinerated in a porcelain cracible, or 
upon an iron 6])Oon ; the remainder is extracted with boiling 
water ; the filtrate muet neither act upon tesl-paper, nor leave 
any residue upon evaporation on platinurafuil. The insoluble 
residne is then agitated with a little warm diluted acetic acid, 
the liquid filtered, and a little chlorine-water added ; it is tben 
precipitated with aqua ammoniee, and afterward filtered. The 
filtrate is examined with a few drops of a eolution of sodinm 
pbuspbate ; a white tnrbidity would indicate magneaiunt taltt. 

Gummi, Dextn'n, Sugar of Milk. — About 20 grains of the 
ferrous lactate are diasolved in one ounce of warm water, and 
subsequently precipitated by an excess of liquor Eodee; after 
warming and shaHng, the precipitate is filtered off, and a few 
drops of a solution of capric sulphate are added to one portion 
of tlie filtrate ; the ensuing turbidity must completely redifr- 
solve on agitation ; a remaining white coagulation would indi- 
cate gummi ; if this be the case, the solution is filtered, and 
heated to near boiling ; an ensuing red precipitate would indi- 
cate sugar of milk. An excess of concentrated sulphuric acid 
is added to the rest of the first alkaline filtrate, and the whole 
evaporated almost to dryness, apon a porcelain capsule, at a 
temperature not exceediug 100° C. A black, more or leaa 
charred, residue would confirm the presence of either gomrai or 
sugar, or both. 



FEKfit OXTDlm BTDRATtm. 



Sfdruttd Ondd nflron. Prraryhfdratt ^ Iron. Ferrie ffydraU, 

A reddish-brown, tasteless powder, destitute of grittinees; 
when heated in a dry test-tube, it emits moisture, but no acid 
vapors ; it is dowly but wholly soluble, without effervescence^ | 
in warm hydrochloric acid diluted with half its volame of n 
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ter, forming a yellow solution, which, when diluted with water, 
gives only a white turbidity with hydrosulphuric acid, and 
a blue precipitate with potassium ferrocyanide, but no reaction 
with ferricyanide ; when completely precipitated by alkaline 
hydrates, the filtrate should be colorless, and should render no 
reaction either with ammonium sulphydrate or with sodium 
carbonate (evidence of the absence of zinc, magnesium, and 
calcium). 

Szaminatioii : 

Alkaline stdphates may be detected by agitating the ferric 
hydrate with a little warm water, and acidulating the filtrate 
with one drop of hydrochloric acid, and testing it with barium 
chloride. 

Copper may be detected by a blue coloration of solution of 
ammonium sesqui-carbonate, when agitated with the ferric hy- 
drate, and subsequently filtered ; its presence may be confirmed 
or recognized, when the result of the preceding test is uncer- 
tain, by over-saturating the filtrate with acetic acid, and testing 
it with potassium ferrocyanide; a reddish-brown precipitate 
would indicate or confirm <;opper. 



VBBBI OXIDUM KAONETZOUIC 

FERRI OXIDUM NIGRUM. FERRUM OXYDULATO-OXYDATUM. ^THI- 

OPS MARTULIS. 

Blaeh Magnetic Oxide of Iron. Ferro-Ferric Hydrate, 

A brownish-black or black powder, destitute of taste, and 
attracted by the magnet ; heated in the air, it gives off water, 
absorbs oxygen, and forms red ferric oxide. It dissolves read- 
ily and completely, without effervescence, upon warming, in a 
mixture of equal parts of water and hydrochloric acid, forming 
a yellowish solution which gives a blue precipitate with both 
potassium ferrocyanide and ferricyanide, and a white turbidity 
with hydrosulphuric acid. 



■ 
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Examination : 



^ 



Alkaline SulphaUs or Chlortdea. — About one dracbm of 
the lerri>ferric liydrate ia eliaken with about four drachms of 
warm water ; the filtrate, when evaporated npon platinum-foil, 
must leave no fixed residue, nor yield, when acidulated with a 
few drops of acetic acid, any white precipitate with barium 
chloride or with argentic nitrate. 

Metal*. — The remaining forro-ferric hydrate from the pre- 
ceding test ia boiled in a fiask with eome dilute liq&or potaseSB ; 
when cold, the mixture ia filtered, and is subsequently saturated 
with hydroBulpb uric-acid gas, or else some sodium-sulphide 
solution is added: an ensuing; black precipitate would indicate 
Uatl, a white one, «7»c ; if no reaction takes place, the liquid ia 
over-saturated with hydrochloric acid ; a slight white turbidity 
(sulphur) will occur J a yellow precipitate would indicate ar- 
tatiio, an orange one, antimony. 

The remaining ferro-ferric hydrate, left behind from its 
treatment with liquor potassee, is washed, and then digested 
for some hours with a little strong aqua ammonice ; when fil- 
tered, the filtrate will have a bluish tint, and give a dark ttirbid- 
ity upon the addition of a few drops of ammonium sulphydrate, 
if copper be present. 



FERRUM PHOSPHORtCDM. 

Photphatt of Iron. Ferrout-Ferrie PhetpAatt. 
A fine, amorphous powder, of a slate-blue color when cold, 
and grayish green when hot; heated in a dry test-tube, it 
gives off water, and leaves a black residue; it is insoluble in 
water, but soluble in the mineral acids, forming yellow solu- 
tions, which, when highly diluted, yield a blue prccipitat« with 
both potassium ferricyanide and ferrocyanide, and a white tur^ 
bidity of sulphur with bydrosulphuric acid. When f'errona- 
fcrric phosphate is boiled in a solution of sodium carbonate, 
and filtered, a filtrate is obtained which, when neutralized with 
acetic acid, gives a yellow precipitate with argentic nitrate, 
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and a white oae with ammoDiated eoltition of magnesium sul- 
phate. 

Szaminatioii ; 

Soiliiim sulphate, left from insufficient washing, may he de- 
tected, when a little of the powder ia shaken with some hot 
water, and the filtrate tested with barium chloride, 

Metah. — A Btrong soiution of the powder in hydrochloric 
acid is mixed with a comparatively large volume of hjdrosul- 
phnric acid, and set aside for a few hours, in a closed fiask, in 
a warm place; a slight white turbidity (sulphur) will occur; 
a dark one would indicate copper, a yellow one, arsenie, which 



latter can be confirmed by the odor when a little of the salt is 
heated upon charcoal, before the blow-pipe, or by the forma- 
tion of a metallic mirror, in a narrow tube, upon heating the 
dried precipitate with potaEsitim cyanide (Fig. 63). 



PBKBI PTBOFHOBFHAS. 

FERROM FTnOPHOSPDOBICUU. 

Bi-baw PhmphaU of Iron. Ftrrie Pyrophotphatt. 

A white, tasteless powder ; when heated in a dry test-tube, 

it loses moisture, but remains white, and decreases in volum 
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It ia ioaolaUe to w»ter, bat kIMb in hydrochkmc ■ctd, and 
in solmionit of MMfinm pjro^uxphste and of alkaline dtrstea. 
When boiled with a aointion of aodiam carbonate, feiric pjro- 
phosphate asiames a reddi&b^rowB color, and yields a tiitrala 
of the same tiat, bot vhich becocnes almost decolorized npon 
iilight OTer-ftatnradoD with acetic add, and which gives a denM, 
white precipitate witli argeottc nitrate (di^tiactioD &wii ferric 
phosphate, which gives a vellow precipitate, aad from feme 
nietaphospbate, which gives a white gelatiaoiu one). 



FERRI FTEOPHOSPHAS ET AJOCONH CITKAfl. 
FERBm PTSOPHOSPHORtCCM CCll AHMOMO CITKIoa 



Arnntortiat^d 
in Seala. 



PfTophotphaU of Iron ifiM CiCr»Ct of Ammonium. 
photphaU of Iron. P]/Topho*pkatt of Irm 

Thin, apple-green, traniparent scales, of a mild, acidalons, 
an'l saline taste ; freely eolnble in water or glvcerin, but in- 
aoluble in alcohol ; by exposure to the air, the scales lose tbeir 
transparency and aolability in water; the latter, however, maj 
1)6 restored by the addition of aqua ammonis. The solaticn 
is not precipitated either by acids or by ammonium Lydrate, 
but gives a yellowish-white precipitate, with the evolution of 
ammonia, when boiled with Hqaor potassEe, and a dense white 
precipitate, when acidnlated with acetic acid, and tc&ted with 
argentic nitrate. Potassium ferrocyanide, when added to the 
dilute solution of the salt, occasions a pale-blue color, bat pro- 
duces no precipitate. 




FBRKI SITBOAABONAS. 



Carhenale of Iron. 
A fine, amorphous, reddish-brown powder, without odor or ' 
ta«te ; when heated in a dry test-tube, it emits watery vapors, 
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which condense in the cooler parts of the tube, and which, 
when tested with bine litmns-paper, should not alter its 
color. 

Carbonate of iron is insoluble in water, but readily and 
freely soluble, with slight effervesceDce, in warm, diluted hydro- 
chloric acid, forming a yellow solution, a few drops of which, 
when added to water, impart to this the property of yielding a 
blue precipitate with both potassium ferrocyanide and ferri- 
cyanide. The solution therefore affords, with reagents, the 
reactions of both ferrous and ferric salts. 

Bzamination : 

Ferri 8ubcarbonas is distinguished from Ferri Oxidum Hy- 
dratnm by its reddish-brown color, by its readier solubility in 
hydrochloric acid, by effervescence with acids, and by its reac- 
tion with potassium ferricyanide. 

Sodimn or Ammonium Sulphate. — ^About 10 grains of the 
powder are agitated, in a test-tube, with about two drachms of 
warm water ; the filtrate should leave uo residue upon evapo- 
ration on platinum-foil, nor should it render a white turbidity 
with barium nitrate. 

MetaU.-^The undissolved ferric hydrate remaining upon the 
filter, in the preceding test, is digested with solution of ammo* 
nium sesqui-carbonate for one or two hours ; the subsequent 
filtrate, when tested with a few drops of ammonium sulphy- 
drate, would show copper by a bluish tint of the liquid, and 
sine by a white precipitate. 



FERRUM SULPHURICUM. 
Sulphate ^ Iron. Ferrous Sulphate. 

Transparent, oblique-rfiombic prisms, of a pale bluish-green 
color and salty, styptic taste, or, when obtained by precipita- 
tion, by means of alcohol, a pale-green, crystalline powder 
{Ferri Sulphas granuUitd). The crystals are efflorescent in 
the air, and absorb oxygen ; when heated, they undergo aqueous 
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fiiBion ; they contain seven molecule*! (45,56 per cent.) of water 
of crystallization, six-seven t lis of which they lose at a moderate 
heat, leaving a greenish or grayish white powder {Ferri Sid- 
phiu exticcata). At a red heat, the seventh inulecnle of water, 
and also the acid, is expelled, leaving behind rtid, anhydrons, 
ferric oxide {Caput Mortuum). 

One hnndred parts of water, at 10° C, dissolve 61 parts, 
at 25° C, 103 parts, and, at 100° C, 280 parts, of crystallited 
ferrous sulphate ; it is insoluble in alcohol ; its aqueous solu- 
tion has a slight acid reaction, readily absorbs oxygen, and be- 
comes turbid by the formation of an insoluble basic ferric snl- 
phate, while a neutral ferric sulphate remains in solution, with 
the undecomposed ferrous sulphate. The solution of ft:rrouB 
sulphate, when greatly diluted, gives a white pretripitate with 
barium chloride, a blue one with potassium ferricyanide, and, 
when not yet oxidized, a white one with the ferrocyanide ; it 
renders no precipitate with hydrosulphurie acid. 

Examin&tioa : 

MetaU, — About one drachm of the crystals is dissolved in 
about two drachms of boiling water, acidulated with a few 
drops of sulphuric acid ; the solution is-tben added, to about 1^ 
ounce of hydrosulphurie acid, in a stoppered 2-ounce vial, and 
shaken ; after several hours, only a white turbidity (sulphur) 
should have been formed ; a dark turbidity would indicate cop- 
per, and perhaps other metals. The liquid is then filtered, aod 
evaporated, in a porcelain capsule, until all odor ceases ; when 
this is the cose, about half a drachm of concentrated sulphu- 
ric acid and 20 drops of concentrated nitric acid are added, 
and the whole evaporated nearly to dryness. The residue is 
dissolved in water, and aqua ammoniee added with constant 
stirring, until the ensuing precipitate ceases to be rediasolved ; 
then from four to five drachma of Liquor Ammonii Acetici are 
added, the whole heated to boiling, and filtered while hot. An 
excess of aqua ammoniie is then added to the colorless filtrate, 
and, if any more precipitation occurs, it is once more filtered, 
and 8nb8e(|uently tested with ammonium sulphydrate; an en- 
suing white turbidity would indicate zinc, a reddish-white one, 
manganese. Finally, the liqnid, after having been filtered, if 
Buch reactions have occurred, is tested with amnioninm 
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phate ; a crystalliney white precipitate, occurring after some 
time, would indicate magne&ia. 

Crude commercial Bulphate of iron is generally consider- 
ably contaminated with metallic and earthy salts, and not fit 
for medicinal use ; it contains, besides, the sulphates of zinc, 
aluminium, and magnesium, and generally so much sulphate 
of copper as to deposit a metallic cupreous film upon a bright 
blade of an iron knife or spatula, when immersed for some 
hours in the aqueous solution, acidulated with a few drops of 
sulphuric acid. 



FBBBZ VALEBIANAS. 

FERRUM YALERIANICUM. 

VaUrianate of Iron. Ferric Valerianate. 

A dark', tile-red, amorphous powder, or thin, reddish scales, 
haying the faint odor and taste of valerianic acid. When 
heated in a porcelain capsule, the salt melts, emits inflammable 
vapors, and, when incinerated, leaves behind ferric oxide, which 
should not color moistened turmeric-paper brown, nor dissolve 
in warm dilute acetic acid. 

Ferric valerianate is soluble in alcohol (distinction from 
citrate and tartrate of iron), but insoluble in water ; boiling 
water decomposes it, extracting the valerianic acid, and leav- 
ing the ferric hydrate behind ; the filtrate is colorless, reddens 
litmus-paper, and gives no reaction with ammonium hydrate 
and subsequent addition of hydrosulphuric acid. Acids decom- 
pose ferric valerianate, forming soluble ferric salts, and setting 
free the valerianic acid. 

Examination: 

Admixtures of ferric tartrate or citrate, impregnated with 
oil of valerian, may readily be recognized by their solubility in 
water and insolubility in strong alcohol ; the latter dissolves 
only the oil of valerian, if such be present, readily recognized 
by its odor, when a portion of the alcohol is evaporated upon 
the warm hand. 



MA-SXAL OF CHEKICAL ANALTBB. 



The Bource of the medicinal preparations of iron is the re- 
fined malleable wrought-iron, of which the piano-fone wire is 
among the bee^t coraniercial varietiea. When iron filings or 
turnings are employed instead of wire, care has to be taken that 
they are not derived from crade cast or pig iron, that they are 
free from rust, and that tliey are not contaminated with copper 
or brass filings from the workshops. Cast or pig iron may be 
recognized by the evolution of gas of a noxious odor, and by ft 
considerable black residue, when the IHingB or tnmings are dis- 
solved, in a test-tube, in a mixture of equal parts of concen- 
trated hydrochloric acid and water. An admixture of copper 
or brass filings may be recognized, with approximate certainty, 
by close ins|>ection, with a magnifying-glaas, and by chemical 
tests, as hereafter described. 

In the preparation of solutions of iron, which 'are ssbse- 
quentJy filtered, filings of cast-iron are not exactly objection- 
able ; iron filings or turnings, however, which may contain, or 
are liable to contain, copper or brass filings, ought not to be 
employed for medicinal preparations, since copper isdiasolTed 
by acide, notwithstanding an excess of iron. 

Ferruv Pcltebatcm. — A tine, gray powder, of a dull, me- 
tallic api>earance; when heated to redness, it oxidizes, form- 
ing a reddish powder, and increasing in weiglit, if the powder 
employed was pare and dry. Iron powder dissolves in a mix- 
ture of equal parts of hydrochloric acid and water, evolving 
impure hydrogen gas, of a faint odor, and leaving only a small 
insoluble black residue; the filtered solution has a light-green 
color, and affords, when greatly diluted with water, a deep- 
blue tnrbidity with potassium ferricyanide, and almost white 
precipitates with the alkaline hydrates and carbonates, which, 
however, rapidly oxidize, and become green, aud ultimately 
brown. 

Ferrcm liKDucrruii. — Iron powder, obtained by redactJon 
of ferric oxide or oxy-hydrate by hydrogen, at a strong heat, 
forms a very fine, black powder, which reoxidizes when 
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to redness, and which is readily and wliolly soluble in warm 
diluted hydrochloric acid, with the evolution of pure hydrogen 
gaa, forming a Bolntion which has the aanie properties aud de- 
portment with reagents as that of powdered iron. If the boIu- 
tiou takes place without a copious evolution of gas, and has, 
when filtered, a yellowish appearance Instead of a light-green 
one, the powder was more or less oxidized, or even so much bo 
as to consist almost wholly of a mixture of ferrous and ferric 
oxides. 

Examination of Iron: 

Sulphur may be recognized by the black coloration of a so- 

lution of plumbic acetate, when a. little of the iron is dissolved 

in a mixture of equal parts of hydrocliloric 

acid and water, either in a test-tube, loosely 

closed with a bunch of cotton moistened with 

solution of plumbic acetate (Fig, 29. page 72^, 

or in a small flask (Fig, 6i), whence tbo 

evolved gas ia passed through a solution of 

plumbic acetate in a test-tnbe. If the plum- 

Fie. M. ^'"^ solution in either ease becomes block, 

sulphur is indicated. 

Stdphur, phosphorvi, and arsenic, may be detected, in iron 

powder, filings, turnings, or wire, by submitting about 100 
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grains of the iron, in a generating-flafik, a (Fig. 65), to the 
action of about one ounce, or a little more, of a mixture of 
equal parts of concentrated hydroebloric acid and water, and 
by passing the evolved gas throngh a dilute eolntion of cad- 
mium sulphate in c, and through a dilute solution of argentic 
nitrate, contained in d. The acid is, little by little, added to 
the iron, through the funnel-tube 6, so that the evolution of the 
gas and its passage through the fluids are slow. The solution 
in e is prepared by adding to an aqueous solution of cadniiam 
sulphate (1:100) so much of ammonium hydrate as is re- 
quired to redissolve the precipitate, formed upon the iirst addU 
tion of the alkaline hydrate. 

The occurrence of a yellow precipitate in the cadmium so- 
lution would indicate sulphur, and of a black one in the argen- 
tic solution, arsenic or phosphorus. In order to dietingaiah 
efther arsenic or phosphorus, or both, in the iron, the blackened 
argentic solution is warmed, and completely precipitated with 
hydrochloric acid ; when cool, it is filtered and the filtrate 
mixed with an equal volume of hydrosulplinric acid, and 
allowed to stand, in a corked vial, for several hours ; an ensD- 
ing yellow precipitate would indicate arsenic; the liquid ie 
then filtered, and boiled in a porcelain capsule, until it becomoe 
odorless; it is then over-saturated with aqua ammonite, £!• 
tared, and tested with solution of ammoniated magnesium sul- 
phate ; a white precipitate would be indicative of the presence 
of phmphorua in the iron. 

Metallic Impurities. — Zino may be detected in the Eola- 
tion obtained in the generating-flask of the preceding test, by 
filtering it, and by evaporation of the filtrate to dryness, after 
the addition of a little nitric acid ; the residue is extracted by 
boiling it with liquor potassie, and the filtered liquid, when 
cool, is tested with sodium sulphide; a white precipitate would 
indicate zinc. Copper and lead may be detected in the iron, 
by treating it with warm diluted nitric acid, and by testing 
part of this solution with a few drops of a solution of sodium 
sulphate for lead, and by evaporating another part of the soln- 
tion to dryness, and subsequently digesting the residue with an 
excess of aqua ammonite ; a bine coloration of the filtrate wonld 
indicate copper. '■ 
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Olycerin. Triatomia Propenyl Alcohol. 

A colorless and odorless, tliick, viscid, neutral liquid, of an 
intenselj sweet taste ; wheu aiilijdroua, ita spec. grav. is 1.2G7 ; 
tbat of commercial glycerin, containing from 10 to 4 per cent, 
of water, ia from 1.22 to 1,25. Glycerin ia not volatile at com- 
mon temperatures, but distils unchanged, witli water-vajwr, 
under pressure ; it boila at 290° C, and decontpoaes at a tem- 
perature a little above its boiling-point. Exposed to a strong 
heat, on platinum-foil or in a porcelain capaule, it emits white, 
irritating, inflammable vapors, wliich burn with a blue flame, 
leaving, Jinally, a black residue, which, however, is completely 
dissipated at a red heat. 

Glycerin ia miacible, in all proportiona, with water, aqua 
ammoniEe, liquor potassee, alcohol, and ether diluted with alco- 
hol, but not with pure ether, chloroform, carbon bisulphide, or 
benzol ; it mixes with concentrated sulphuric acid without 
change, but anfi'ers decomposition with concentrated nitric and 
hydrochloric acids. Glycerin possesses extenaive powers as a 
Bolvent; it diaaolvea moat substancea which are soluble in wa- 
ter, although in a less degree, but is a better solvent for bro- 
mine, iodine, and carbolic acid. 

It does not mix with fatty oils, and dissolves essential oila 
only to a limited extent. 

Examination : 

A fatty or empyrevmatic odor of glycerin is recognized by 
the smell, especially upon gently warming a little of the sam- 
ple on a watch-glass or porcelain capsule. 

Sugar, glucose, and mucilages, are indicated by a more or 
less brown coloration of the glycerin, when mixed with twice 
ita bulk of concentrated sulphuric acid, or when mixed and 
heated with a strong solution of potassium hydrate. 

Glucose may be detected by the occurrence of a brick-red 
precipitate, when a mixture of equal volumes of the glycerin 
and of liquor potaassEi, with two or three drops of solution of 
aopric sulphate, ia heated in a test-tube. 
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Sugar is detected by the same reaction, when the glTcerin 
is boiled fur a few tninntes nith nn equal volume of very dilate 
Bolution of tartaric acid, and the hot mixture tested vrith Feh- 
ling's cupric solution. 

Mucila^fa of jfum, dextrin^ or glue, are indicated by the 
formation of a white turbidity, ^latinous, or 6occiilent, when 
one Tolnme of the glycerin is mixed with four TulomeB of 
alcohol. 

M^taUic galta are detected by agitating one volnme of th* 
glycerin with three volumes of hydrosalphDric acid ; any im- 
pairing of the colurleseness or transparency of the mixture 
would indicate metallic impurities ; they may be dUtinguished, 
as to what group of metals they belong to, by diriding the 
liquid into two portions, and adding to the one a little hydro- 
chloric acid, and to the other aqua ammonise. Copper, Uad, 
and tin, will be indicated by the iirst test ; iron, sine, and alu- 
minium, by the second. If a precipitate appears in either case, 
and tlie nature of the impurity has to be ascertained, the teat 
must be repeated on a lai^er scale, and the metallic impniitj 
be determined in the mode described on pages 41 to 44. 

Calcium mlU may be detected in the diluted glycerin, \gj 
• white tnrbidity when tested with ammonium oxalate. 

Acids and tfitir SalU. — When diluted with twice its vol- 
ume of water, the solution must leave litmus-paper unchanged ; 
it is then examined in four separate portions : for hydrochUh 
ric acid and cMoridea, by acidulating with nitnc acid, and 
testing with argentic nitrate; for guiphurto acid and ml- 
phatft, by testing the second portion, also acidulated with 
nitric acid, with barium nitrate ; for oxalic add, by testing 
the third portion, acidulated with acetic acid, with calcium 
acetate : and for nitric acid and nitrate*, by adding to the 
fourth portion a little acetic acid and one drop of neutral 
indigo-solution, and then wanning the mixture by dipping 
the test-tube into hot water; a decoloration of the bluish or 
blnish-greon tint of the liquid will indicate tree nitric aeid; 
when tiie color remains unaltered, a few drops of concentrated 
sulphuric acid are atlded to the mixture while still warm ; if 
decoloration takes place now (and the glycerin is free fioni 
chlorides and chlorates), nitrates are indicated. 



< 



I 



IS tree nom i 



GLTCERINCM. 223 

Another vers- senBitive teat for nitric acid and nitrates, 
combining the test for chlorine, is to mix, in a test-tube, about 
one flnid-drachm of sulphuric-acid miicilt^e of etai-ch with a 
few drops of solution of potassium iodide (free from iodate). 
and then to add about one flnid-drachm of glycerin; when 
raised together with a glass rod, the liquid must reujain color- 
leas; a blue color would 'mil\cti.te chlorine / when the mixture 
remains colorless, a thin rod of bright zinc is immersed in the 
centre of the fluid, with care not to agitate the test-tube; if 
traccB of nitric acid or nitrates be present, a bluish coloration, 
issuing from the zinc, will appear. 

Formic acid may be detected by the formatioa of a black 
deposit, when a mixture of the glycerine with an eqnal volume 
of diluted aqua amnionise and a little solution of argentic 
nitrate is allowed to stand in a corked test-tube, protected 
from the ligiit, for 24 hours. 

Bitft/ric acid, and analogous fatty acids, may be recognized 
by the odor of ethyl botyrate (similar to that of artificial 
essence of pine-apple), when a mixture of two volumes of gly- 
cerin with one volume of a mixture of equal parts, by volume, 
of strong alcohol and concentrated siilphuric acid, is gently 
warmed by dipping the flask or test-tube into boiling water. 




Ammonium sal/s, occasioned by the neutralization of an 
MCiginally slightly acidulous glycerin with aqua ammonise, may 
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be detected by heating the glyeerin in a large test-tube, half 
filled with it, and provided, by nieaDs of a rubber cork, with a 
deli very- til he reaching to the bottom of a receiving test-tube 
which cflntaina a little water, and is cooled in ice-water (Fig. 
66); the generating tube or flask, containing tlie glycerin, a 
immersed, for about half an hour, in a boiling concentrated 
solution of culinary salt; after that time, the contents of the 
recipient arc tested with red litmus-paper, which should not 
be altered thereby, and are then divided into two separate 
portions; a few grains of dry potassium hydrate are dis- 
solved in the one portion ; upon heating it, ammonia will be 
recognized by the odor, and by white vapors when a glass 
rod moistened with acetic aeid is held at the orifice of 
the tube ; to the other portion, a few drops of liquor potassss ' 
and, subsequently, one or two drops of solution of potassio- 
mercuric iodide are added ; a yellowish-brown precipitate or 
coloration would ufl'ord an additional indication of ammoninin 
salts. 
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HYD&ABaYBI OHLOBIDXTK COBBOSIVUX. 

HTDRARGTRI PERCHLORIDUM. HYDRARGTRUM BICHLORATUM. 
HTDRARGTRUM CORROSIYUM SUBUMATUM. 

CarroHve Sublimate, Perehloride or Bichloride of Mercury, Mercuric 

Chloride, 

Colorless, translucent, heavy, crystalline masses, when ob- 
tained by sublimation, or small, prismatic crystals, when ob- 
tained by crystallization, of a spec. grav. of 5.43 ; they are 
permanent in the air, give a dull, white streak wlien scratched 
with a knife, are slightly volatile at common temperatures, 
fuse at 265*^ C, and volatilize wholly at 295** C, forming 
dense, white vapors, which, on cooling, solidify in small, shin- 
ing needles. 

Mercuric chloride is soluble in water, requiring, at 0** C, 
16 parts, at 20** C, 13^ parts, at 80** C, 4 parts of cold, and 
2i parts of boiling, water for solution ; it is less soluble in gly- 
cerin, 100 parts of which dissolve about 7 parts of the salt ; it 
is freely soluble in alcohol and ether, requiring 2^ parts of 
cold, and 1^ part of boiling alcohol, and 3 parts of ether. The 
aqueous solution reddens blue litmus-paper, and has an acrid, 
styptic taste. 

In the aqueous solution of mercuric chloride, the fixed alka- 
line and earthy hydrates and alkaline carbonates produce, 
when added in small quantity, a reddish-brown precipitate ; 
when added in excess, a yellow one ; ammonium hydrate gives 
a white one; argentic nitrate, a curdy white one; iodides, 
when added in small quantity, a yellowish, and in larger quan- 
tity, a vermilion-red one, soluble in an excess of the precipi- 
tant; stannous chloride, when added in small quantity, a 
white, and when added in excess, a gray precipitate. When 
hydrosulphuric acid is gradually added to a solution of mercu- 
ric chloride, the precipitation takes place according to the pro- 
portions of the reagent and the chloride, in progressive varia- 
tion of color from white to yellow, orange, reddish brown, and 
black ; an excess of the reagent produces at once a complete 
black precipitation. When the aqueous solution of mercuric 
chloride is rubbed upon bright copper, it coats the latter-with 

a brilliant metallic film. It forms white, insoluble or sparingly 
1ft 



226 



ILINDAL or CHEillCAL ANALYBIEl 



j 



soluble componnile with many organic substaocefl, aa albomen, 
fibrin, gluten, etx!. 

Moreuric chloride is eolnble, withoat decomposition, in 
nitric, hydrochloric, and aolpburic acids, and crystallizes from 
the Bolutions on cooling, if they were saturated while hot. 



ETSBABaTBI OEUJBXDUK lUTE. 



OaUmel. Sub- or Proto-CKloTidt qf Mercury. Jferevroiu Chlorid*. 

Mereurona chloride varies in the minuteness of its particles, 
and accordingly in its appearance and in tbe ener^ of its 
physiological action. 

When obtained by aiMimution, it forms ponderous, yellow- 
ish-wliite masses or cakes, of a fibrons, crystalline fracture, 
yielding a lemon-yellow streak when scratched with a knife, 
and having a specific gravity of 7.176. When rednced to a 
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tine powder by tritaration and levigation, it has a dall- 
wliite appearance with a yellowish tint; it becomes slq^htly 
yellowish when triturated with strong pressure in a povodain 
Diortar, and consists, when seen under the microscope, of oom- 
f^u-atively large, transparent, crystalline fragineDta (Fi^. 07). 
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Prepared by aiillimation and by condensation of the vapor 
y a current of air or ateain, mercurous chloride (Hydrargyri 
Chloridum Mite vapore paratuiii) forms a perfectly white and 
less ponderous powder, consisting of smaller laminar particlea, 
when seen under the microscope (Fig. 68). 

Prepared hj precipitation, mercurous chloride forms a fine, 
snow-white powder, consisting of minute, amorphous* parti- 
cles (Fig. 69), wliich are not transparent. 

With regard to therapeutical action, mercurous chloride, 
obtained by sublimation and subsequent trituration and levi- 
gation, and consisting of the largest particles, Las the mildest 
effect; next to this comes the calomel obtained by sublima- 
tion and condensation by air or steam ; f that obtained by pre- 
cipitation, and having the minutest division of its particles, lias 
the most powerful jjiiysiological action. 

Mercurous chloride, when heated in a dry test-tube, is slowly 
but completely volatilized with a faint noise and without fusion. 
It is insoluble in the common solvents, but soluble to some ex- 
tent in saliva, in the pancreatic juice, in nlbumen, and animal 
Becretions. When agitated with hot water, with alcohol, or with 
dilute acetic, hydrochloric, or nitric acids, it is not acted upon 
by any of them. "When boiled for some time with water, it 
suffers slow decomposition into metallic mercury and mercuric 
chloride. The alkaline hydrates and carbonates, and the hy- 
drates of the alkaline earths, reduce mercurous chloride to black 
oxide. Concentrated boiling hydrochloric and sulphuric acid 
decompose the salt ; theformer producing metallic mercury and 
mercuric chloride, the latter mercuric sulphate and chloride. 
Warm concentrated nitric acid also dissolves it gradnally, with 
the evolution of nitric-oxide vapors, forming a solution of mer- 
curic chloride and nitrate, which solutions blacken bright cop- 
per when dropped upon it, and coat it brilliantly when rubbed 
upon it. Mercurous chloride is also soluble in chlorine-water 
without acquiring a transient or permanent yellow color (dis- 
tinction from mercurous bromide). 

• When oblilncd by preuipilaling a soluticn of metcurio chloride wiUi eulphnr- 

i-acid gu, the reaijling mercuroua chloride ia of a cryatallinc Btrucluro. 

t No olhor kindsof mercurous chloride c»Ti u yel b« coniidervd offlcinBl, »ud no 

rt «h<iuld he dipponsrd for intGrnsI use, unless ordered or prcaoribed bb "'Cofs- 
tniJa paratum," or "Calonui precijatationt paratum.'' 
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When bestod io s nmnrrw teet-tnbe, 
ntut eompUsUAjr rablime, witboot prervnu fnaiun and witboat 
fimit'fftg MDinoaue*] odon or reUow nitrons rkpors. 

Mtreuric etUoride m%j be detected br tritarating eome of 
tbe cftlwnel with diluted Klcobol. ^nd *Iiakiiig tlie mixtotv in • 
tMMube, and by tubaequeiit tiltration tbroogh % moiat double 
fiJtcr ; tbe filtrate miut impart no stain Xa bright cofiper, Ttar 
j'uiA may rvaetioD witb lijrdro6ul[)buric acid or «r!tb argentic 
nitrate. 

Amnumio-mereurw Chloride. — Tbe mercnrons chloride of 
the ^naviAmf/^ t4Wt, remaining upon the filter, is rinsed with 
dflnbed acetic a«id through the broken filter into a test-tabe^ 
and tbe niiiture io agitated for a few minntes and filtered. 
Tbe filtrate i« then tested in eepsrate portions with hydrosnl- 
phnric acid and argentic nitrate ; a black turbidity in tbe first' 
initUnce, nnrl a white one in the eecond, would indicate va^ 
a chloride. 



] 
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HTDRASOTIU CTAXIDUIC. 

HYnRAROYRCH CTANATCK. 

Cifanid4 0/ J/iveury. Iffrearic Cyanid*. 

Small, colorlcee, anhydrons, prismatic crystalsj transpsr> 
cnt when froslily prepnred, but soon agguming a white and 
opaqne appenrance ; when perfectly dry, they become black 
when exposed to heat in a dry tube, and emit vapors of mercnrj 
and a colorless inflummable gas (cyanogen), which bums, when 
ignited, with a purple flame; a black residue of paracyanogen, 
intermingled wilh globules of mercury, is lefl behind ; when the 
aalt is hitinid, traces of hydrocyauic acid, of carbonic acid, and 
of ammonia, are al^o fonned and evolved. 

Mercuric cyanide is soluble in eight parts of water and aboat 
twenty parts of alcohol ; its aqueous solution evolves liydn>- 
cyanic acid U|X)n the addition of hydrochloric acid, and gifee a 
black precipitate with hydrosulphuric acid, but is not pnxipi* 
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tated by the alkaline hydrates and carbonates, nor by argentic 
nitrate, nor by albumen ; stannous chloride, containing free 
hydrochloric acid, precipitates metallic mercury with the evo- 
lution of hydrocyanic acid. The solution of mercuric cyanide 
affords no mercuric stain upon bright copper, unless acidulated 
with hydrochloric acid. 

Ezuninatioii : 

Basic oxy-mercurio ot/cmide is indicated by an alkaline reac- 
tion of the solution upon turmeric-paper. 

Mercuric chloride and other solvhle mercuric salts may be 
detected in the solution, by the occurrence of a transient tur- 
bidity upon the gradual addition of single drops of solution of 
potassium iodide. 



HYD&ABGTBI I0DIDX7K BTTBBTTX. 

HYDRARGYRUM BIIODATUM RUBRUM. 
Biniodide of Mercury, Mereuric Iodide. 

A heavy, crystalline powder, or small, brilliant, octahedral 
crystals, of a vermilion color, becoming yellow when gently 
heated ; when heated in a'dry tube (Fig. 70), mercuric iodide 
fuses to a yellowish-brown liquid, and sublimes into yellow 
rhombic scales, which pass into the red modification of octa- 
hedral crystals, slowly on cooling, and at once by concussion. 

Mercuric iodide is nearly insoluble in cold, and only spar- 
ingly soluble in boiling, water ; it is soluble in 130 parts of cold, 
and 15 parts of boiling, alcohol, less soluble in ether, and very 
little in glycerin and in oils. Concentrated acids, and the solu- 
tions of the alkaline hydrates, decompose it ; it is freely solu- 
ble in aqueous solutions of potassium and sodium hydrates, of 
potassium iodide and cyanide, of mercuric chloride, and of 
sodium chloride and sodium hyposulphite ; the latter solution 
deposits upon heating, if the solvent is not in excess, red mer- 
curic sulphide. All its solutions form a black precipitate with 
an excess of hydrosulphuric acid, either at once, or upon the 
addition of an acid. 
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Mercnric iodide is partly decomposed when shakes with 
cbloriiie- water ; the obtained filtrate, when robbed apoa br^bt 





copper, costB it with a brilliant metaliic film, and, when shaken^ 
with a little clilorolornn, imparts to it a purple color. 

Examination: 

Mcrr-urie »ulj)hide, red omide of lead, or other fraudulent 
odniixturcB, will remain undissolved upon eolution of the pow- 
der, either til solution of potassium iodide, or in 20 to S5 parts 
of boiling alcohol. If a residue is left, it is washed with water 
and Bubsoquently treated with warm nitric acid, and filtered ; 
tho filtrate is slightly diluted, and tested with a few drops of 
diluted sulphuric acid ; an ensuing white precipitate indicatet 
lead. If a red residue remains, iuBoluhle in nitric acid, it b 
tested by beating it upon platinum-foil to redness; if it is 
wholly volatile, mercuric sulphide \i recognized, and, if a reeidoe 
remains, jiiwcJ admitUurM are indicated. 



I 
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HYDSABOYBI I0DIDX7K VIBIDB. 

HTDRAROTRUM lODATUM FLAYUM. 
Oreen Iodide of Mercury, Protoiodide of Mercury, Mereuroui Iodide. 

A heavy, dirty-greenish yellow powder, which Buffers grad- 
ual decomposition, and becomes brownish on exposure to light, 
heat, and air. When heated in a dry tube (Fig. 70, page 230), 
it becomes brownish red, fuses, and is completely volatilized, 
yielding a sublimate of minute yellow and scarlet crystals of 
mercuric iodide, intermixed with metallic mercury. 

Mercurous iodide is not quite insoluble in water, but insol- 
uble in alcohol and in ether ; it is decomposed by concentrated 
acids, by the alkaline hydrates, and also by boiling solutions 
of chlorides, bromides, and iodides, which convert it into mer- 
curic iodide and metallic mercury. When mercurous iodide is 
agitated in a little water to which a few drops of ammonium 
sulphydrate have been added, and the subsequent iiltrate is 
mixed with one drop of liquor ferri perchloridi and then agi- 
tated with a little chloroform, the latter will acquire a yellow 
or reddish color, which will appear still more distinct upon the 
subsequent addition of a little water. 

Szaminatioii : 

Mercuric iodide may be detected when about 10 grains of 
the green powder are rubbed with about 2 drachms of alcohol ; 
the filtrate should yield no black precipitate, when added to 
about one ounce of hydrosulphuric acid ; such a reaction would 
indicate biniodide. 

Fixed impurities will remain behind upon complete volatili- 
zation of the mercurous iodide in a dry tube ; such would be 
very likely to originate from either the mercury or the iodine, 
and, if required, their nature may be determined by the meth- 
ods as described on pages 238-240 and 243, 244. 
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STSaASOTBI OxmUK nJlTUIL 
HTDRARGTRCM OXTDATUTI VIA HrMIDA PARATCM. 
Yellota Ozide of Mercury. PreeipilaUd Mereurie Oxidt, 

A heavy, orange-yellow powder, witliont crj'stalline stmct- 
nre when seen under tlie microscope ; it assumes a red color 
on being heated ; it ia more readily acted upon by reageuts than 
the coarser red oxide ; the latter remains unchanged when agi- 
tated with a warm solution of oxalic acid, white the yellow 
oxide combines with the oxalic acid, forming white merctirio 
oxalate; when agitated with a hot alcoholic solution 
ouric chloride, th^ yelhtw oxide, becomes at once black (o: 
ablortde), while the red oxide remains unchanged for aoi 
time. 

The chemical reactions of the precipitated yellow mercuric 
oxide, and its deportment with reagents, correspond with thosfl 
of the red oxide. 
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: OXIDUM BITBBTJ1C. 

HTDRARGTBCH OXTDATUM RCBRUK. 
Red Oxide of Mtrevry. Mercurie Oxide. 



Heavy, coherent masses, consisting of bright, brick- 
crystalline scales, which, when finely pulverized, form a 
orange-red powder, of a specific gravity of 11.30 ; when heal 
in a dry tube, red mercuric oxide aaaumes a dark-brown appear^ 
ance, but regains its origins! color on cooling ; at a heat a little 
above tlie boiling point of mercury {360° C), it is resolved into 
its constituents, and is entirely volatilized below red heat. 

Mercuric oxide ia slightly soluble in water, So that, wlw 
agitated with boiling water, the tiltrate yields a faint reacti< 
with hydroaulphuric acid; it is insoluble in pure glycerin, iii 
alcohol, ether, and chloroform, somewhat soluble in saliva and in 
allmminoua animal secretions, and entirely soluble in strong and 
in somewhat diluted acids. The fixed alkaline and earthy hjw^^H 

*t ■ J 
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Urates and alkaline carbonates produce in solutions of mercuric 
oxide and its salts, when added in small quantity, a reddish 
brown, when added in excess, a yellow precipitate ; ammonium 
hydrate, a white one ; iodides (provided that the solution does 
not contain a large excess of acid), when added in a small quan- 
tity, a yellowish, and in a larger quantity, a vermilion-red one, 
soluble in an excess of the precipitant ; stannous chloride, when 
added in a small quantity, gives a white, and, in an excess, a 
gray precipitate. When hydrosulphuric acid is gradually added 
to the solution, a precipitate is formed which appears, accord- 
ing to the proportion of the reagent, successively white, yellow, 
orange, reddish-brown, and finally, with an excess of the pre- 
cipitant, black. 

XzaminatioiL: • 

Mercuric nitrate is indicated by disengagement of red 
nitrous vapors, when the oxide is heated in a dry test-tube. A& 




Fio. 71. 



a confirmatory test, one drachm of the oxide may be agitated 
for a few minutes with about 2 drachms of boiling water where- 
in 10 grains of sodium carbonate have been dissolved ; the 
mixture is then filtered, the filtrate nearly neutralized by a few 
drops of sulphuric acid, and evaporated to about half its bulk ; 
this is tested in two portions for nitric acid ; the one by tingeing 
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it faintly bine with sulphuric acid Eolation of indigo, and bhIv 
Bequoiit gentle beating; the other by mixing it with a little 
concentrated Bohitiou of ferroua Bulphate, and by placing the 
liquid carefully upon concentrated sulphuric acid (Fig. 71) ; a 
decoloration in the firet te&t, and the occurrence of a dork- 
brown color upon the line of junction between the two liquids 
in the second, would confirm the presence of oxyacidft of 
nitrogen. 

Admixtures. — Abont 20 grains of the oxide are dissolTed ia 
about one draehra of Btrong nitric acid diluted with an equal 
Tohime of water ; witli the aid of heat, a complete Bolntion 
must take place ; if the oxide be very old, a slight residue of 
reduced mercury might remain, which, when separated and 
heated In a j^rcelaiu capsule, should wholly volatilize. If a 
red or brown residue ia left ft^m the solution, an admixture of 
mineral substances (brick-powder, mercuric sulphide, or red 




oxideof lead) wonid be indicated. If the nature of sacb ftro^ 
due btts to be a&certained, a somewhat larger quantity may be 
obtained, which, when washed and dried, may be heated in a 
reduciog-tnbe (Fig. 72); vennilion roUtilizes, forming « fio^ 
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red Bublimate; red oxide of lead fnses, and exhibits, when 
cooled, a yellow vitritied appearance, and dissolves, when 
boiled in concentri^ted nitric acid diluted with an eqnal bulk 
of water, leaving behind silicious mineral substances, if such be 
present. 



HYDRABQTBI SUBNIT&AS. 

HTDRARGTRUM NITRICUM OXTDULATUM. 

SubnitraU of Mercury. M&reurous Nitrate, 

Colorless, transparent rhombic or prismatic crystals,* 
which, when gradually heated in a dry tube, emit yellow 
nitrons vapors, become yellow, then red, and are finally re- 
solved into metallic mercury ; the ' crystals become grayish 
black when moistened with lime-water. 

Mercurous nitrate is soluble in water with partial decompo- 
sition, and with the separation of a yellowish basic salt ; it is, 
however, entirely soluble in water acidulated with nitric acid, 
forming a colorless solution, which, when rubbed on bright 
copper, coats it with a white, metallic film, and, when greatly 
diluted, yields a white precipitate with hydrochloric acid, and 
a black one with aqua ammonise or lime-water. 

Idqitor Hydra/rgyri Nit/rioi Oxydvldti of the Pharraacopoea 
Gtermanica is a solution of this salt, containing 10 per cent, of 
mercurous nitrate. 

Ezamination: 

Mercuric nitrate may be detected by complete precipitation 
of the solution with diluted hydrochloric acid, and by testing 
the filtrate in separate portions with hydrosulphuric acid and 
with stannous chloride, and warming ; a black precipitate with 
the first reagent, and a gray one with the second, would indi- 
cate mercuric nitrate. 

* According to the proportion between the mercury and the nitric acid em- 
ployed in the preparation, there are a normal and a basic mercurous nitrate, which 
correspond in their chemical and therapeutical properties, except that, when rubbed 
with a little sodium chloride, the normal Bait remains white, while the basic salt 
gires a grayish^green mixture. 
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HTDRARGiTRtnt SDLPHDRICUM FLAVUM. TDKPETHUM MlNERALt 
Tellaa Siib*iilphat« of Mereury. Biuic Mfreurie Svlphate. 

A lieavy, lemon-yellow powder, of a crystalline etnictnre 
when Been under the microBcope ; when heated in a dry tube, 
it aBsnmee a reddish-brown hue, but regutns its original color 
on cooling; at a higher temperature it volatilizes without , 
fusion, yielding a white sublimate (mercuric Bulphate) fntei^ i 
mingled with gray metallio mercury ; it is decomposed and 
entirely volatilized at a red heat, evotviug vapors of mercni^ J 
and of sulphurous acid. 

Basic mercuric sulphate is almost insoluble in cold, and 1 
sparingly soluble in hot, water, but soluble in dilated hydro- \ 
chloric and nitric acids, forming colorless solutions, which, 
whcD diluted, give a white precipitate with barium salts, and | 
which otherwise, in their deportment with reagents, resemble I 
the solutions of mercuric chloride and oxide (pages 2S5 and 
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HYDRARaTRUU SDLPnCRATt'M RUBRUM. CINNABARIS. 
Cinnabar. Vermilion. Edd SulphiJ* of Mm 



JUereurie 8tilpUd», 



Heavy masses, or cakes, of a specitic gravity of 8,1, and of 
a dull blackish-red color and a brilliant crystallioe texture, 
yieldiug a red streak when scratched with a knife, and a mag- 
niEcent scarlet powder, which becomes black when moistened 
with an animoniacal sohition of argentic nitrate. When heated 
in a porcelain capsule, or upon charcoal, cinnabar assumes a& 
almost black color, but turns red again after cooling; at a 
strong beat, it is wholly dissipated, burning with a blnish flame, 
and emitting the odor of sulphurous acid ; heated in a rediicing- 
tnbe or in close vessels, it Bublimea below red heat without d^ 
composition. 
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Mercuric sulphide is insoluble in the common solvents, nor 
is it acted upon by concentrated acids or by alkaline hydrates, 
at common temperatures ; a mixture of concentrated nitric and 
hydrochloric acid dissolves it gradually, forming a colorless 
solution which, when diluted with water, gives a white pre- 
cipitate with barium chloride, coats metallic copper with a 
film of mercury, and corresponds in its deportment with re- 
agents to solutions of mercuric salts (pages 225 and 233). 

Examination: 

Oxides of Lead a/nd Iron. — About 20 grains of the cinna- 
bar are agitated with about two fluid-drachms of concentrated 
nitric acid ; the scarlet color must remain unaltered, as' change 
to a darker tint would indicate red oxide of lead ; the mixture 
is then gently heated by immersing the test-tube in hot water, 
and is subsequently diluted with twice its volume of water, and 
filtered ; the filtrate should be colorless ; a yellowish appear- 
ance would indicate red hdeic plumbic chromate, or mercuric 
chromate (chromic cinnabar) ; it is then tested in separate por- 
tions with hydrosulphuric acid, with sulphuric acid, and with 
potassium iodide, for lead ; another portion is tested with 
potassium ferrocyanide for ferric oxide ; if this be present, the 
yellowish color of the nitric acid, agitated with the cinnabar, 
may be due only to iron. 

Chromatee may be detected or confirmed by the occurrence 
of red irritating fumes of chloro-chromic acid, when about ten 
grains of the cinnabar are carefully mixed and heated in a test- 
tube with a few small fragments of dry sodium chloride and a 
few drops of concentrated sulphuric acid. 

Mercuric Iodide^ Realgar^ and Antvmonic CinnaJxx/r. — 
About 30 grains of the cinnabar are agitated with two fluid- 
drachms of warm liquor potass® ; the filtrate should be color- 
less, should cause neither a coloration nor a turbidity when 
dropped into chlorine-water, and should yield a white precipi- 
tate when dropped into a dilute solution of plumbic acetate. A 
yellow or reddish coloration of the chlorine-water would indi- 
cate mercuric iodide, and a yellow precipitate with pluml)ic ace- 
tate, red arsenic sulphide (Realgar), or antimonic oxy-sulphide 
(Antimonic Cinnabar). If either of the latter two be indicated, 
the alkaline filtrate will give, upon supersaturation with hydro- 
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chloric acid, a yellow precipitate when the lirat compoaod is' 
present, and an orange-red one with the second. 






HYSSAKaTKXnl. 

Mercury. QuicitHrer. 

A fiilrer-white and brilliantlv-lustrous metal, of a specifivi 
gravity of 13.596 at 15.5° C. ; liquid at common teiiiperatun 
and easily dmsible into spherical globulee ; it Bolidities wh« 
cooled to —39.5° C, forming at and below that temperature a 
soft and malleable metal of a specific gravity of 14.4 at —40° 
C. ; it boils at 350" C, forming a transparent, colorless vapor ; 
it is, however, volatile to a perceptible extent at all teoipem- 
turea above 20" C ; when pure, it ia unalterable at commoB 
temperatures, and remains bright and brilliant. 

Mercury is insoluble in the common solvents, in concen- 
trated hydrochloric acid, and at common temperatures alao in 
Bulpharic acid ; but it ia dissolved by the latter wlien boiled 
with it, and ia readily dissolved without residue by nitric acid, 
forming a solution, which contains mercuric nitrate when beat 
is applied and an excess of concentrated acid, and mercnrons 
nitrate when the metal ia in excess or is acted u[)on by cold and 
diluted nitric acid, 

Exunination : 

Mercury amalgamates with many metals, and, to a certain 
extent, without change of its appearance and properties ; the 
most common of such metallic impurities are lead and tin, and 
occasionally zinc and bismuth ; their presence in the commer^ 
cial metal is indicated by a dull, tarnished appearance, and a 
black, powdery coating of the surfaces of the metal, and of the 
inside of the vessels containing it, and by lead-gray streakl 
upon white paper when a few globules of the metal are allowed 
to roll over it. 

Such contamination may be ascertained by agitating for a 
few minutes a little of the mercury, in a strong one-ounce bot- 
tle, with a mijLture of one drachm of Liquor Ferri Porsnlphatis 
(free from ferrous salt) and one drachm of water; after 6ub> 
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siding, the aqueous liquid is poured into a test-tiihc, diluted 
with an eqnal volume of water, and tested with a fejv drops of 
potaseiuin terri cyanide ; a blue turbidity will indicate the 
above-mentioned metallic impurities. 

When their nature has to be determined, the following 
method is practicable and simple; about one ounce of the 
metal, including as much of the powdery coating on the ear- 
faces of the metal and the bottle aa can be collected, is heated 
and volatilized in & small porcelain crucible, in a place where 
the vapors are readily removed by draft ; if a non-volatile 
residue remains, it is heated to rednese. A small part of the 
residue is then heated in a test-tube with a few drops of concen- 
trated hydrochloric acid ; the solution is decanted from the in- 
soluble residue, and one drop of solution of auric chloride is 
added ; an ensuing gray or grayish-purple turbidity would indi- 
cate tin. 

The rest of the residue in the crucible is treated with warm 
concentrated nitric acid ; if only a partial solution takes place, 





and at the name time a white precipitate is formed, this may 
be oxide of tin or antimony ; in order to distinguish them, the 
precipitate is separated from the acid solution, washed with a 
little water, and subsequently heated upon charcoal before the 
blow-pipe; atannoTts oxide remains unchanged, while tetroxide 
qf antimony volatilizes in white fiimes, forming a white con- 
centric incrustration on the coal (Fig. 73). 

The nitric-acid solution is diluted with an equal hulk of 
water, and part of it is tested with solution of sodium sulphate ; 
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a white precipitate would indicate had ; another part is poured) i 
into a large beaker t'nll of water ; a whit« opalescence oi 
bidity of the water indicates bismuth. 

If lead be present, the rest of the nitric-aeid solution is: 1 
Batiirated and completely precipitated with hjdroi«ulphnric-a<Md ■ | 
gas, and allowed to stand in a corked test-tube for some houTB; 
it is then filtered and over-saturated with aqua amtnonife ; a 
white precipitate would indicate sine. 

If the precipitate is not quite white, and the lead has been 
completely removed, it might be due to traces of iron, of which 
uietal, however, mercury can only contain traces, since it does 
not amalgamate with it. 
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White Precipitate. Ammoniated Mneury. Amnumio-mereurie ChloriJdm 

White, pulverulent, friable masses, or an opaque white pow- 
der, which, when heated, is entirely volatile without fusion ; it- 
becomes black when inoiatened with hydrosulphuric acid, gray 
when boiled with solution of stannous chloride, and pale yel- 
low, with the evolution of ammonia, when heated with liquor' ^ 
potassffi, 

Ammonio-mercuric chloride is insoluble in the common 
solvents, but is gradually decomposed by boiling with water^ 
forming a yellow precipitate; it is readily and wholly soluble 
without effervescence in warm hydrochloric, nitric, and acetio 
acids, forming colorless solutions, which yield a white precipi- 
tate with liquor potassffi and with argentic nitrate, a black ooa 
with an excess of hydrosulphuric acid, and a red one with po« 
tassium iodide, and which produce a black stain upon brigli^^l j 
metallic copper, coating it, when rubbed thereon, with a brill- \ 
iant metallic film. 

Examisation : 

Mffcvric clilarulf is detected by agitating about 10 graina 
of the powder with about two drachms of diluted alcohol ; the 
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I filtrate ie mixed with about half an ounce of liydrosulpliuric 
f ftcid ; a black prccipitnte indicates mercuric chloride. 

Mereurous cfUoride may be detected by a black coloration 
of the powder, when it is triturated with lime-water, or by dia- 
Bolving about 10 grains of the powder in warm diluted nitric 
acid ; if an insoluble residue remains, it ie washed by decanta- 
tion, and, when the water ceasee to act on blue litmus-paper, 
the residue ia agitated witli limewater ; if mercurous chloride, 
it will become black. 

PLumhia CarhonaU and Chloride, and Calcium Carbonate. 
— Carbonates are indicated by effervescence of the powder with 
acids, and plumbic chloride by its insolubility in diluted nitric 
acid; If a residue remains, it is washed, and boiled in strong 
acetic acid, and the liquid tested with one or two drops of sul- 
phuric acid for lead ; wliich inaj' further be confirmed by agi- 
tating the powder with warm acetic acid, and testing the til- 
trate in two separate portions, with sodium sulphate and with 
potassium iodide, drop by drop, which both form precipitates 
with compounds of lead, the former a white, insoluble one, the 
latter a yellow one, soluble in an excess of the reagent. 

These and all other non-volatile admixtures are also indi- 
cated by remaining behind when a few grains of the ammo> 
niated mercury are heated and volatilized, in a narrow, dry test- 
tube. Diammonio^mercuric chloride, or fusible wJiite preeipi- 
tate, will be indicated in this test by a partial or complete 
fusion of the powder, previous to its volatilization, provided 
that the ammonio • mercuric chloride be free Irom any tised 
fusible admixture. 

Zinc and magnesium oxidea may be detected, in the solu- 
tion of the powder in nitric or acetic acid, by complete precipi- 
tation with hydrosulphuric acid, and by subsequent over-satn- 
ration of the filtrate with ammonium hydrate ; a white precipi- 
tate will indicate either of these oxides; if the nature of the 
precipitate has to be detennined, it is collected and washed 
upon a filter, and examined by the method described on page 
4S. 

Starch. — An admixture of starch is detected by the micro- 

Kope, and also by a blue coloration, when about tive grains of 

i the powder are triturated, and subsequently heated to boiling, 
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with about two drachms of water, and then tested with oae^ 
drop of iodinized potasaiuni iodide. 



lODOPosmnc. 

I O D O F R M I C H . 

Iod<!fi>nit. Teriodidd of Formj/L Mttkengl Iodide. 

Small, lemon-yellow, friable, six-sided scales, of a peai4 
Instre, a peculiar, peuctratin^;, and persietcut odor, and aaweet- 
ish taste, and with a somewhat unctuous feel to the touch. 
Indofunn has a spec. grav. of 2.0, is volatile at common tem- 
peratures, and when heated in a dry tul>e, bv immersing it in 
boiling water, sublimes at about 95° C, solidifying in small 
scales ; it fuses at about 115° C, and is decomposed at 120° C, 
forming violet vapors, and being resolved into iodine and 
hydroiodic acid, with a residue of carbon, which burns away 
at a stronger heat. 

Todoform is almost insoluble in water, glycerin, diluted 
acids, and aqueous solntiona of the alkaline and earthy hy- 
drates, but is soluble in SO parts of cold, and 12 parts of boil- 
ing, alcohol, in 20 parts of ether, and readily in chloroform, 
in carbon bisulphide, and in the tixcd and volatile oils. The 
concentrated mineral acids, when cold, have no action on iodo- 
form ; when heateil, it remains unchanged with hydrochloric 
Lacid, gives a reddish-brown solntion with nitric acid, remain- 
ing limpid and brown on dilation with water; it is freely di»- 
solved, with a violet color, by hot sulphuric acid; upon dila- 
tion, however, the color disappears, and the iodoform is sepa- 
rated again in small yellow scales. It is not acted npon by 
the aqueous twlutions of the alkaline hydrates, bnt iheir alco- 
holiB solutions dissolve and decompose it, forming alkaline 
iodide and funniate. 
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ZODU1C. 

lODINUH. lODINIUM. 

Iodine. 

Heavy, brilliant, crjetalline plates or scales, of an opaque 
bluish-black appearance and imperfect metallic lustre, and of a 
peculiar odor, resembling faintly that of chlorine. Its specific 
gravity is 4.948 ; it melts at 107** C, and boils at 175° C. ; it 
is, however, slowly volatile at common temperatures. When 
heated in a dry tube (Fig. 74), iodine melts and rises in deep 
violet vapors, which condense in the cooler parts of the tube to 
small, brilliant crystals. 




Iodine is bat sparingly soluble in water, requiring 5,524 
parts of it at 12^ C, and imparting to it a faint yellowish tinge. 
It is more soluble in glycerin, 100 parts of which dissolve a 
little more than 1^ part of iodine. It is also soluble to some 
extent in the aqueous solutions of certain salts, as for instance 
of ammonium chloride and nitrate. Aqueous solutions of hy- 
driodic acid and of the alkaline iodides and bromides, dissolve 
iodine freely, as do also alcohol and ether, with a reddish-brown 
color, benzol and chloroform with a violet-red, and carbon bi- 
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sulphide with a rich pnrple. An aqueons Bolution of sodii 
hyposulphite dissolves iodiue at first without color, and aftei^' 
ward with a brownish-red tint. 

Chloroform and carbon bisulphide, when shaken with an 
aqueous solution of iodine, deprive it of most of the iodine, 
and assume, when the fluids have eepurated, a more or lees 
rod color, while the aqueous solution appears almost colorless 

Iodine forms with starch a deei>-bluc compound, which nSers 
a very delicate test for iodine in all solutions and in bodies whidt 
contain it in the free state. 

Examination : 

Moisture is indicated in iodine by its adhering to the at 
face of the bottles, and by a sticky coherence of the scales. 

Fixed and insoluble admixtures (graphite, coal, carburet 
of iron, metallic oxides or sulphides) are detected by remaining 
behind upon the volatilization of a little of the iodine in a test- 
tube, or npon solution of it in alcohol or in an aqueous solution 
of sodium hyposulphite. If the nature of such admixtures has 
to be determined, the residue is collected and washed upon a 
tilter, and afterward treated with warm bydrocliloric acid 
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diluted with an equal bulb of water, which dissolvea metallio 
oxides, and to some extent the sulphides, with the evolution 
of hydrosuiphurie acid. The obtained solution may further be 
examined for metals, as described in the systematic course of 
analysis (pages 41-4:3). The insoluble residue left from 
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BolDtion in hydrochloric acid is levigated (Fig. 75), whereby 
graphite and carburet of iron may be Eeparated and diatin- 
guished from heavier mineral Buhstiinces, 

Cijanoijen iodide may be detected by triturating about 
30 grains of the iodine witlk about 2 drachms of tepid water, 
and by subsequent agitation of the mixture for a few ininutcB ; 
it is then filtered and washed with a few drops of water, and 
tQ the filtrate is added drop by drop so much of an aqueous 
solution of sulphnrouB acid as to decolorize it ; then a few drops 
of solution of ferrous sulphate, and subsequently of liquor po- 
tasEffi, are added, and tlie turbid liquid is then slightly over- 
saturated with diluted hydrochloric acid; if a blue precipitate 
takes place now, cither at once or gradually, and, upon wann- 
ing, cyanogen iodide is indicated. 

The volumetric estimation of iodine has already been de- 
scribed on page 64. 

(UaUOB AKUONIX ACSTA.TIS. 
LiqnOR AMMONII ACETICI. 
Solution qf Ammonium AeetaU. 
A clear, colorless liquid, without empyreumatie odor, and 
of a mild, saline taste ; it contains about six per cent, of neu- 
tral ammonium acetate, and lias a B\>ec. grav, of from 1.013 to 
1.015 (1.028-1.032, Pharm. German.) ; it is wholly volatile upon 
evaporation, and emits the odor of ammonia when heated with 
potassium hydrate, and that of acetic acid when heated with 
sulphuric acid ; it assumes a red color upon the addition of a 
trace of ferric chloride. 

Zztmiiiatloii : 

MetaUic impuniUs may be detected by mixing the solution 
with an equal bulk of hydroBnlphuric acid, and then over-satu- 
rating it, first with acetic acid, and subAequently with aqua 
ammoniie, 

SvlphaUa and chlorideg may be detected by a white turbid- 
ity, when the liquid is acidulated with acetic acid and tested, 
in separate portions, with barium nitrate for the former salts, 
and with argentic nitrate for the Iatl«r. 



MANDAL OF CHEMICAL ANALYSIS, 



UQUOR ANTIKONn CHLORIDI. 

LIQUOR STIBn CHLORATL BUTYRCM AN'TIMOKIl CHLORIDt. 

Solution of Triehloridt of Antimony or of AntimonioM* Ohlorxdt, I 

A dense, transparent, colorless or pale-yellow liquid, of 
1.470 epec. grav. (1.36, Pharmacopoea Germauica). Dropped 
into water, it gives a white, bulky precipitate (antinionioi 
cbioride witli aiitimonious oxide — Algaroth's Powder), wliiohj 
is redisBolved upon addition of potassium hydrate or tart 
acid. The solution with potassium hydrate remains ' 
changed, or gives only a slight turbidity, with hydroBulphnric'" 
acid, and yields a black precipitate with argentic nitrate, while 
the solution with tartaric acid gives & copious orange-red pre- 
cipitate with hydroanlphuric acid,. and a white one with : 
tic nitrate, 

£x&nii]iation '. 

About 40 drops of the liquor antimonii chluridi are adde^ 
to a solution of half a drachm of tartaric acid in half an oaoi 
of water; tliia solution may serve for the following tests: 

Antimontc chloride is detected by a yellow coloration of the 
solution upon the addition of a few drops of potassium iodide. 

Lead and copper are detected in the solution, the former by 
a white precipitate with dilute solution of sodium sulphate, the 
latter by a bluish coloration with aqua ammonite in excess. 

Arsenic may be detected by heating, in a test-tube, about 
two drachms of a mixture consisting of equal volumes of the 
liquor antimonii chloridi and concentrated hydrochloric acid, 
with a strip of tin-foil (real tin) or with about 20 drops of con- 
centrated solution of stannous chloride; a brown precipitate 
would indicate arsenic, which may further be identified by 
collecting the precipitate by decantation, and by subsequent 
washing with a litlte solution of tartaric acid ; it is then dried, 
and may be examined by heating part of it with exsiccated 
sodium carbonate, upon charcoal, before the blow-pipe (Fig, 73| 
p. 239), as well as by heating another portion of 
potassium cyanide, in a reduction-tube (Fig, 63, j 
will be recognized by its smell in the first teat, 
tallic mirror in the second. 
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uauoB cukxxns. 

AQUA CALCia AQUA CALGARLfi. 
Ltme- Water, Solutum of Caleium Hydrate, 

A saturated Bolution of calcium hjdrate, containing nearly 
one grain of the hjdrate, or nearly three-quarters of a grain of 
calcium oxide, in each ounce of water. Lime-water has an 
alkaline reaction upon test-paper, and absorbs carbonic acid 
from the air, forming on its surface a pellicle consisting of mi- 
nute plates of calcium hjdrocarbonate ; its alkaline reaction 
disappears when an excess of carbonic-acid gas has been passed 
through it, and the excess has been expelled afterward by boiling. 

Lime-water affords no precipitate with sulphuric acid (dis- 
tinction from solutions of barium or strontium hjdrate), but 
it forms white precipitates with carbonic, boracic, phosphoric, 
arsenious and arsenic, oxalic, and tartaric acids and their salts, 
and precipitates the solutions of those salts whose metallic ox- 
ides or hydrates are insoluble in water. 

The quality of lime- water is best ascertained by its prop- 
erty, when warmed in a test-tube, of separating nearly half the 
quantity of calcium hydrate in minute hexagonal prisms; upon 
cooling, the crystals redissolve, and the water becomes perfect- 
ly clear again. 



XiZaUOB FBARX AOBTATZS. 

LIQUOR FERRI ACETICI.* 

Solution of Ferric Acetate, 

A transparent, dark, reddish-brown liquid, of from 1.134 to 
1.138 spec. gray. ; it has a faint odor of acetic acid, which ap- 

* lAquor Ferri ooeHeiy of the Pharmacopoea Germanica, is prepared by complete 
precipitation of 10 parts of solution of ferric sulphate, of 1.81 spec. graT., with eight 
parts of aqua ammoniie, of 0.960 spec, grar., both greatly diluted with water ; the 
precipitate is collected, and washed upon a flannel or felt filter, and, when the water 
has dropped off, is subjected to a gentle pressure ; the soft, humid mass of ferric 
hydrate is then transferred into a flaak, and dissolred in six parts of diluted acetic 
add, of 1.040 spec gisi; 
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peara, however, strongly upon warming; this may also be reo- 
ognized by tlie formation of white vapors, when a glasa rod, 
moistened witb aqua ammunife, is brought near the liquid ; it 
produces a deep-blue precipitate, when a few drops are allowed 
to full into a mixture of several ounces of water with a lew 
drops of hydrochloric acid and of solution of potassium ferro- 
cyanide. | 

Exuuliuttioii : I 

About one fluid-drachm of the liquid is dilutetl witli two 1 
drachms of water, and completely precipitated with aqua am- 
monite ; the filtrate must be wholly volatile wheu a few drops 
of it are evaporated in a porcelain capsule; a viscid residue, 
which becomes charred, at a etronger heat, with the evolution 
of vapors having the odor of caramel, would indicate augar or 
_fruit-acida, which, when present in considerable quantities, 
prevent the complete precipitation of the ferric solution by 
ammonium hydrate. A bluish tint of the filtrate would indi- 
cate copper, whicli, with other metallic impurities, may further 
be ascertained by mixing it with hydrosulphuric acid, and aaV ' 
eequently over-saturating with acetic acid. 



UaUOS FEKRI NIT&ATia. 

LIQUOR FERRI NITRIC!, LIQCOR FERRI PERNITRATIS. 

Saliilion of Fernilrate of Iron. Solution qf Ferric Nitrate, 

A pale-yellow liquid, of a Bpec. grav. between 1.060 and 
1.070, and of a chalybeate, astringent, acid taste. Added to 
water, it gives a deep-blue precipitate with potassium fcrrocyi^ 
nide, but none with potassium ferricyanide, and yields a red- 
disb-brown precipitate with aqua ammoiiiiB ; wheu a few drops i 
of a concentrated solution of ferrous sulphate are added to a 
little of the solution of ferric nitrate, and the mixture is car^ 
fully transferred upon concentrated sulphuric acid (Fig. 71, 
p. 233), a dark zone, indicating nitric acid, will ensue upon 
the line of contact between the two liquids. 
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One fluidoance of the liqaid, completely precipitated by 
sqna ammoni®, yielrb a reddish-brown precipitate of ferric 
bydrate, which, when washed, dried, and ignited, weighs be- 
tween 8 and 10 grains. 

Examination : 

■ Metals. — In the ammoniated filtrate of the preceding quan- 

titative test, or in the liqnor fern nitrici, when completely 
precipitated at common temperatnre, by aqua ammoniEe, and 
filtered, copper will be indicated by a blue color of the liquid, 
and zinc by a white tnrbidity upon the addition of a few drops 
of ammoninm sulphide. 

Chloride and stdphaia may be detected, in tiie diluted solu- 
tion, by white precipitates when tested with argentic and with 
barium nitrates. 

^^B phate, Liquor Ferri aiibenlphatis, having a spec, grav, of 1.552, 
and Liquor Ferri teravlphatig, having a spec. grav. of 1.320. 
Both are solutions of ferric sulphate, the former one being less 
^^_ acid, and containing some basic ferric sulphate, and usually 
^^^> Kme nitrate. The Liquor Ferri perauiphatis of the British 
^^HPharmacopceia has the spec. grav. of 1.441, and tiiat of the 
^^^■Phannacoptea Gennanica a sj^c. grav. of 1.319, 
^^^1 They all are transparent, red or reddish-brown liquids, 
^^KWithout odor, of an astringent, metallic taste, and miecible in 
^^^ tU proportions, with water, alcohol, and glycerin. A few drops 
of either of them, added to water, form a mt.\ture in which 
potafisinm ferricyanide produces no reaction, but ferrocyanide 
gives a dark-blue pretnpitate, aqua aminonise a bulky, reddish- 
brown one, and barium chloride a white one. 
KxB]iiiiiatio& : 

C<qrper and Zinc. — About two drachms of the liquor fern 
e dilated with about two ounces of water, and completely 



UatTOB FBBRI BUZ.PHATia. 
LIQDOR FERRI SCLPIHIRICI OXYDATI. 
Solution of Ferric Sulphate. 
The U. 8. Pharmacopteia has two solutions of ferric snl- 
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precipitated with aqua ammonlee; tbe whole is heated, and 
Bubsequently filtered ; the filtrate will appear bluish, if co^vr 
be preuerit, and should be entirely volatile upon platinum-foil; 
a fixed residue would indicate alkaline, earthy, or metaUio im- 
jniritifn. Part of the filtrate is mixed with an equal volume 
of hydrosulphuric acid ; an ensuing white precipitate would 
indicate zinc, and a dark one, insoluble upon over^aturation 
with hydrochloric acid, copper. 

Nitric acid and nitrates may be detected in a portion of 
the filtrate of the preceding te-'t, by over-aatiirating it with 
concentrated sulphuric acid, and by subsequently adding one 
drop of a solution of potassium permanganate, or indi^ solu- 
tion, and gently warming. A decoloration will indicate nilria 
acid and nitrates. 



UaUOR KTDBAaOTRI NITRATIS. 
LIQUOR nTDRARGYRI NITRICI OXTDATI, 

Solution ofPeriiitrale of Mercury. Solution of itereiirie .Vitralt, 



A dense, transparent, nearly colorless, acid liquid, of ft 
spec. grav. of 2,165, when prepared according to the U, S. 
Pharmacopceia. and of 2.246, when prepared according to the 
British Pharmacopceia. When a few drops of it are evapo- 
rated at a gentle heat, upon pintinum-foil, they leave a white 
residuQ, which, upon increased heat, l>ecomes successively yel- 
low, red, brown, and is finally wholly dissipated. The solution 
remains limpid on the addition of water or of diluted hydro- 
chloric acid (evidence of the absence of subnitrate) ; it f^ives « 
dull yellow precipitate with an excess of the fixed alkaline and 
earthy hydrates, a white one with ammonium hydrate, and a 
black one with an excess of hydrosulphuric acid ; it depOBits a 
brilliant metallic coating on bright copper, and shares, \n its 
deportment with reagents, the general characteristics of mer- 
curic Raits, as described under mercuric chloride and oxide 
(pages 22.5 and 233). It causes a crystal of ferrous sulphate, 
drop(>ed into it, as well as the liquid around the salt, to asenme 
a deep-brown color. 
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When dilated with about ten times its bulk of water, it 
should not give a turbidity when tested, in separate portions, 
with a few drops of solutions of argentic and of barium ni- 
trates. 



LZaVOB FI.T7VBX SUBAGBTATZS. 

UQITOR PLUMBI SUBACETICI. ACETUM PLUMBICUM. 

Solution ofSubaeetaU i^ Lead. Solution qf IViplumbio Acetate. 

A dense, clear, colorless liquid, of 1.267 spec. grav. (1.235- 
1.240 Pharmacopcea Germanica), having an alkaline reaction 
and a sweet, astringent taste, and becoming turbid by absorp- 
tion of atmospheric carbonic acid, and by dilution with water 
containing carbonates, sulphates, or carbonic acid. It is pre- 
cipitated, whether diluted with water or not, by the alkaline 
and alkaline-earthy hydrates and carbonates, by snlpliuric, hy- 
drochloric, oxalic, tannic, and other acids and their salts, and 
by almost all neutral salts ; it forms white, opaque, insoluble 
compounds with vegetable gums, mucilages, and extracts, and 
with vegetable and albuminous substances. 

Liquor plumbi subacetatis gives a yellow precipitate with 
potassium iodide, and a black one with hydrosulphurio acid ; 
it forms an opaque, white jelly when mixed with mucilage of 
gum ; it may be recognized as containing an acetate, by evolv- 
ing the odor of acetic acid, when heated with a few drops of 
sulphuric acid. 

Traces of copper are indicated by a faint greenish color 
of the liquid, and may be further recognized by a bluish colo- 
ration of the filtrate, when a little of the liquor plumbi sub- 
acetatis is mixed with an excess of aqua ammonise. 
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IiaOOK POTABSJB. 

* UQUOE POTASSIE HTDRICI. LIQ0OR KALI CAUSTia. 

Solution of Petana. Solution of Potauium Hydrate. 

A colorless, limpid liquid, without odor, and of an acrid, 1 
caustic taste and a soapy feel when nibhed between the lingers ; 
it has a destructive action on vegetable and animal substances, 
and ia a powerful solvent for many organic and mineral com- 
pounds; it absorbs carbonic acid from the air; its spec. grav. 
is 1.065, and it contains 5,80 per cent, of potassium hydrate.* 

Exuniaatioii : 

Carbonate is indicated by effert'esccnce or by the formation 
of gas-bubbles, when an equal volume of acetic acid is added to 
the liquor potasste, or it may also be detected by the formation 
of a white precipitate when a little of the liquor potassffi ii 
mixed with an equal bulk of water, and is then added to Umo>. 
water. 

Potaaii^im chloride, sulphide, and hypoaulphUi, may be 
tected by dropping a little of the liquor potassie into diluted 
solution of argentic nitrate ; a grayish-brown precipitate wQl. 
take place, completely soluble upon addition of nitric acid 
excess; if the precipitate does not wholly dissolve, and leai 
behind a white residue, cfiloridi ia indicated ; when the reeidi 
is black, sulphide or hypmulphiie. 

Sulphate, Silicate, and Alumiiia, — A Iittlje of the Hqi 
potassee is slightly over-saturated with diluted nitric acid ; part 
of the solution is tested with barium nitrate for aidphati ; an- 
other part may also be tested with ai^entic nitrate for chlo- 
ride; the rest of the solution is evaporated, in a porcelain 
capsule, to dryness; the remaining salt must yield a limpid 
solution with water; a white turbidity would indicate silicate; 
the solution, when necessary, is filtered, and then tested with ft 
few drops of ammonium chloride and aqua ammonia for a2tt- 
mina, which, when present, will cause a white precipitate. 

Calcium »alts may be detected, in the diluted liquor potas- 

■ Liquor Kili causlici. or tbe PhartoaRipdi GennuiiM, hu b iippc. fi 
rron 1.33i> to t.334, and con(B<D9 33.3 pet cent, of poUMlun bjdratc, 
« £9 per cent of potauium Diide. 
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88e, by a white precipitate with ammonium oxalate, or with 
sodium carbonate. 

MetaUie impurities are indicated by a dark coloration or 
turbidity when the liquor potasssB is mixed with twice its vol- 
ume of hydrosulphuric acid, and subsequently over-saturated 
with acetic acid. 

For Votumetrio Estimation^ see page 58. 
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1.826 


27.6 


1.189 


16.5 


1.069 


1.470 


88 


1.820 


27 


1.188 


16 


1.064 


1.468 


87.6 


1.818 


26.6 


1.177 


15.6 


1.048 


1.466 


87 


1.807 


26 


1.171 


15 


1.042 


1.449 


86.6 


1.801 


25.6 


1.165 


14.6 


1.087 


1.442 


86 


1.294 


25 


1.159 


14 


1.031 


1.485 


86.6 


1.288 


24.6 


1.158 


18.5 


1.020 


1.428 


85 


1.282 


24 


1.147 


13 


1.021 


1.421 


84.6 


1.276 


28.6 


1.141 


12.5 


1.015 



12 

11.6 

11 

10.6 

10 

9.5 

9 

8.6 

8 

7.6 

7 

6.6 

6 

6.6 

6 

4.6 

4 

8.6 

8 

2.5 

2 

1.6 



With the decrease and increase of temperature, the density of the sola- 
tion suffers a corresponding increase or decrease, amounting, for each de* 
gree of the centigrade thermometer, in either direction — 



Ftor 

M 



of A tpedfio giSTltj of 1 J)7e to that of 1.600, to sboat 0.00000. 

• •• a 1^484 M 1.858 u 0.0000. 

• •* •• 1^845 •* 1.281 •* 0.0004. 
•• • • ljn» " 1.111 •• 0.00088. 
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UttUOB POTASSH ABSSNITIS. 

LIQOOB POTABSn ARSE.VICOSI. LIQUOR KALI ARSENICOSL 

Solution o/Potatiium Arienite. FouUr't Solution. 

The Bolution of potasdiuin arsenite has a slight alkaline roo 
action ; it give«, with nitralG of silver, a bright-yellow pretipi- 
tate, soluble in aqua ftmraouiie ; this solution, when gently 
warmed for some time, by immersing the test-tube in liot wa- 
ter, suffers a reduction of the silver salt, antl deposits the metal, 
Bs a brilliant coating, upon the walls of the test-tube. Uydro- 
eulphuric acid produces no immediate precipitate in the Eola- 
tion of potaBsium arsenite, but, upon the addition of hydrochlo- 
ric acid, there at once appears a lemon-yellow precipitate, soln- 
ble in ammonium hydrate or carbonate. 

A quantitative estimation of the arsenious acid contained 
in liquor potassii arsenitis may be made, by completely pre- 
cipitating, with hydrosulphuric acid, 10 drachms of the goln- 
tion, diluted with an equal volume of water, and acidnlated 
with liydrochloric acid ; the precipitate is collected and wasiied 
upon a tared tilter, and, when completely dried, is weighed. 
The weight of the arsenious sulphide, divided by 1.342, gives 
the quantity of arsenious acid contained in 10 drachms of the 
solution, which should be live grains. 

The quantitative estimation may also be made by the volu- 
metric test : G3.30 grammes of the solution of potassium arse- 
nite, neutralized with abont 25 grains of sodium bicarbonate, 
and diluted with an equal bulk of water to which a little mu- 
cilage of starch has been added, will require 100 cubic centi- 
metres of the test-solution of iodine (page 63). 



LiaiJOB BOHM. 
LiqOOR SODIl nTDRICI. LIQl'OK NATRI CAU8TICI. 

Solution of Soda. Solution of Sodium ffydraU. 



I 



A colorless, limpid liquid, of an acrid, caustic taste, a Soapy 
feel, and u strong alkaline reaction; it has a destructive and' 
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solvent action on y^etable and animal matters, absorbs car- 
bpnic acid from the atmosphere, has a spec. grav. of 1.071, and 
contains 5.7 per cent, of sodium hydrate.* 

Urainination ; 

Sodium carbonate is indicated by effervescence, or by the 
formation of gas-bnbbles, when the liquid ft mixed with con- 
centrated hydrochloric acid ; it may also be detected by tlie 
formation of a white precipitate upon mixing a little of the 
liquid with twice its volume of lime-water. 

Sodium sulpAats and chloride are indicated by white pre- 
cipitates, when the diluted liquid is slightly over-saturated with 
diluted nitric acid, and tested with barium nitrate for sulphate, 
and with argentic nitrate for chloride. 

Calcium salts may be detected by a white precipitate, when 
the diluted liquid is tested with solution of sodium carbonate. 

Potassium hydrate may be recognized by a white, granular 
precipitate, on dropping the liquid into a strong solution of 
tartaric acid, allowing the latter to remain in excess. 



TABLE 



Of THE QUANTrrr BY WEIGHT OF SODIUM OXIDE CONTAINED IN 100 PARTS 
BT WEIGHT OF SOLUTION (UQUOB SODiE) AT DIFFERENT DENSITIES. 

1T.5' C. 



Spedfle 
GnTity. 



1.600 
1.4d2 
1.485 
1.477 
1.470 
1.468 
1.455 
1.448 
1.440 
1.483 
1.426 
1.418 
1.411 
1.404 
1.896 



"5^ 



35 

34.5 

34 

83.5 

38 

32.5 

32 

81.5 

31 

80.5 

80 

29.5 

29 

28.5 

28 



Spedfle 
Q»Tltjr. 



1.889 
1.882 
1.875 
1.867 
1.360 
1.858 
1.846 
1.888 
1.881 
1.824 
1.317 
1.809 
1.802 
1.295 
1.288 



^i 
«''□ 



27.6 

27 

26.6 

26 

25.5 

26 

24.5 

24 

23.6 

28 

22.5 

22 

21.5 

21 

20.5 



Spedfle 



1.281 
1.274 
1.266 
1.259 
1.252 
1.246 
1.288 
1.281 
1.224 
1.217 
1.210 
1.208 
1.196 
1.188 
1.181 



^1 



20 

19.5 

19 

18.5 

18 

17.6 

17 

16.5 

16 

16.5 

16 

M.6 

14 

18.5 

18 



S(ieetflo 

G»Ti^. 



1.174 
1.167 
1.160 
1.168 
1.146 
1.139 
1.182 
1.125 
1.118 
1.111 
1.104 
1.097 
1.090 
1.083 
1.076 



^1 



12.5 

12 

11.6 

11 

10.6 

10 

9.6 

9 

8.5 

8 

7.5 

7 

6.5 

6 

6.6 



* Liquor Nairi cAusticl of the Pharmaoopcea Gennanica has a spec. graT. of 
from 1.880 to 1.884, and eontains from 80 to 81 per cent, of sodium hydrate, or 
about 28.6 per cent of iodium oxide. 
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Witli th« decrease and increase of temperatore, the density of the lola- 
tioD BulTcrs > corresponding iacrcase or deoreoae, amuDDting, for each de- 
cree of the centigrade thermometer, in either diri 

For KluIUiii of • iiisciac pmiltT «f 1.MM to tliM of 1 JSg. U> ibmil O.OOOUk 
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UTHn CASBOHAB. 

LITHIUM CARBONICUU. 

CarhoTiaU of Lithium. Lithium Carbonate, 

An odorless, white, granular powder, fusible at a high teiD* 
perature ; when heated in an aluohol-Asme, npon the looped:, 
end of platinum wire, previoualj' moistened with hydrochlorio' 
acid, it imparts a crimson color to the flame. ' 

Lithium carbonate is but sparingly soluble in water or alco- 
hol, requiring about 108 parta of tlie former, at 16° C.,for boIu- 
tion ; it is readily dissolved, with effervescence, by diluted 
acids; its solution in diluted Iiydrocliloric acid, when evapo- 
rated to dryness, leaves a residue which is readily and 
pletely soluble in a few drops of a mixture of equal parts of 
alcohol and ether (distinction from potassium and soditua 
chlorides). When this latter solution is poured into a small^ 
porcelain capsule, and ignited, it bums with a red flame ; the 
residue left in the capsule after the ignition is then dissolved in 
a few drops of water, and added to a very dilute solution of 
sodium phosphate, to which one drop of solution of ammonium 
chloride has been added ; a white, crystalline precipitate of 
lithium phosphate, readily soluble in hydrochloric acid, will 
appear. 

Examination i 

One grain nf the lithium carbonate is placed in a small test* 
tube, and two drachm? of cold water, exactly weighed, are grad< 
ually added to the carbonate, with frequent agitation, cloaely^' 
observing the point when complete solution of the salt takef 
place ; it must not occur until nearly the whole of the water it 
added; otherwise an admixture of alkaline or other salts 
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indicated ; in this case, the presence of the former may be ascer- 
tained by the above-described method, depending upon the solu- 
bility of lithium chloride in a mixture of alcohol and ether. 

Calcium salts may be detected in the aqueous solution of 
the lithium carbonate, previously neutralized with liydrochloric 
acid, by a white turbidity with ammonium oxalate. 

Magnesium and aluminium may be detected in the solu- 
tion, neutralized with hydrochloric acid, by testing it, in two 
separate portions, with lime-water and with sodium carbonate ; 
a white turbidity would indicate the presence of compounds of 
either of these elements. 

Metallic impurities are detected, in the aqueous solution, by 
hydrosulphuric acid, and subsequent acidulation with hydro- 
chloric acid. 



uthh oit&as. 

LITHIUM CITRICUM. 
Citrate of Lithium, Lithium Citrate, • 

A white, amorphous, deliquescent powder, soluble in 25 
parts of water, and also soluble in alcohol. Heated in a porce- 
lain capsule, it blackens, evolves inflammable vapors, and leaves 
a white residue, which, when dissolved in a little alcohol, with 
one or two drops of hydrochloric acid, and ignited, imparts a 
crimson color to the flame. 

When the aqueous solution of lithium citrate is completely 
precipitated with calcium chloride, the filtrate, when heated, 
will become turbid, and when filtered after cooling, and the 
filtrate reheated to boiling, it becomes turbid again (evidence 
of the presence of citric acid). 

Ten grains of lithium citrate, heated for about 15 minutes, 
in a tared porcelain crucible, at a low red heat, with free access 
of air, leave 5.3 grains of a white residue of lithium carbonate. 

Examination: 

Potassium sails are detected in the concentrated solution 

of the citrate, by a white, crystalline precipitate, upon the ad- 
17 
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dition of a few drops of concentrated eolntion of Bodinm bita 
trato. 

Sodium, gaits are detected in tlie solution, by a white pre-^ 
cipitate when tested with potassium antimoniate. 

The presence of potasi^iiim and eodium salts may also he 
ascertained hy dissolvinj^, in one or two drops of diluted hydro- 
chloric acid, the residue of lithium carbonate obtained by in- 
cineration of the citrate ; this solution is evaporated to dryneee, 
and ia subseqnently dissolved in a few drops of a mixture o£ 
equal parts of alcohol and ether; a complete solution ^oi" 
take place, as an insoluble residue would indicate potassium q 
sodium chlorides. 

Metallic impurities may be detected, in the solution, by h 
drosulphurie acid. 



KAONEBIA. 

MAGNESIA UaT-V. UAGNESII OSIDUM. MAGNESIUM OXTDATUH 
Magnetia. Calcined Maynetia, Ifayaetium Oxide, 

A white, inodorous, bulky, more or less light powder, of a 
slightly alkaline taste, and an alkaline reaction upon moist 
blue litmns-pajKr ; when exposed to heat, it saffcra no change 
whatever. 

Magnesia is almost insoluble in water, but unites readily 
with one equivalent of water, at once when mixed with it, or 
slowly on exposure to the atmosphere, forming a hydrate which 
is soluble in about 5,000 parts of cold, and 36,000 parta of boil- 
ing, water, and which attracts carbonic acid from the air, 

When triturated with water, magnesia must dissolve with- 
out effervescence, upon the addition of sulphuric acid (evidence 
of the absence of carbonate), and must form a clear Bolutioo 
(evidence of the absence of calcium, barium, and strontiuui 
oxides) ; this solution may be divided into two portions, one of 
which 13 mixed with an equal volume of hydroealphuric acid, 
and is suhsequently sHghlly ovei^satu rated with aqua ammo- 
niiE ; a dark coloration or turbidity, either before or after the 
addition of the ainmoniuin hydrate, would indicate mel 
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impurities, and a white precipitate, on the addition of the aqua 
SLmmonisd^ zinc oxide; the liltrate is tested with ammonium 
oxalate for calcium. The second portion of the solution in sul- 
phuric acid is over-saturated with aqua ammonise, and tested 
with sodium phosphate, which will produce a copious, white, 
crystalline precipitate of ammonio-magnesium phosphate. 

Magnesia is liable to contain the impurities of the magne- 
sium ciEtrbonate from which it has been obtained, and may be 
examined for them, if they have not been ascertained by the 
preceding tests for identity and purity, by the methods de- 
scribed on page 260. 



KAaNBSn OAJtBONAS. 

MAGNESIA CARBONICA. MAGNESIA ALBA. 
Carbonate of MagnMium. Magnesium Carbonate. 

White, bulky, pulverulent masses, commonly in square 
cakes, or a light, white powder, smooth to the touch, and near- 
ly insoluble in water, but soluble with effervescence in dilute 
acids, yielding limpid, colorless solutions ; these, after the addi- 
tion of a little solution of ammonium chloride, are not precipi- 
tated upon slight over-saturation with ammonium hydrate, and 
render a copious white precipitate of ammonio- magnesium 
phosphate, upon the addition of sodium phosphate. 

Magnesium carbonate is decomposed at a red heat, and also 
by all acids, and by the fixed alkaline hydrates. 

One drachm of magnesium carbonate requires for saturation 
7.93 grains of citric, and 94.23 grains of tartaric, acid ; 100 
parts of it, when calcined at a red heat, leave 40 to 43 parts of 
magnesium oxide* 

Szamination : 

About 20 grains of the powdered magnesium carbonate are 
mixed and agitated with about one ounce of warm water; 
the filtrate is tested with turmeric-paper, and, if this becomes 
brown, alkaline carbonates are indicated ; when a few drops 
of the filtrate are evaporated upon platinum-foil, only a very 
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eli^lit residue should remain. The magnesium carbonate left I 
oil the filter is ringed intu a. fiask, by means of a waehiiig-bottle ; ] 
the mixtnre is warmed, and snlpburic acid added, drop hj drop^ 1 
OBtil KolutioD is effected ; a remaining slight turbidity wonld I 
indicate traces ot' silicic add. The solution is filtered, if necea- ■ 
eary, and saturated with hrdroEnlphuric-acid gas, and is thea'l 
rendered alkaline by the addition of a strong solution of ammo- 1 
nium carbonate ; an ensuing greenish tnrbiditr would indicato \ 
saltsof iWn/ a light reddish one, salts of man^(in6;«; a whita I 
one, not disappearing upon the addition of aqua ammonite^ J 
salta of alumvniiim or zinc (the incidental presence of pbo»- 1 
phatCB would also give a white precipitate). In order to dia 
tinguJsh them, the precipitate ia washed, and sub^quently dis- J 
solved in a few drops of liquor potassae, and the solution diluted, ] 
and tested with ammonium chloride, which precipitates alu- | 
minium hydrate, while zinc remains in solution, and may be j 
recognized by reprecipitation with hydrosulphuric acid. 

The ammouiacal filtrate ia then tested with a few drops of 1 
ammonium oxalate ; a white precipitate, insoluble upon the I 
addition of ammonium chloride, would indicate salts of eal- \ 
cium. 

Chlorides and sulphates may be detected, in the diluted! 
solution of the magnesium carbonate in diluted sulphuric ncJd, I 
by testing the same in separate portions, wilh barium nitrataj 
for sulphates, and with argentic nitrate for chloride. 



XAOHESIT aULPBAB. 



MAGNESIA SULPHURICA. 



Sptom Salt. Sulphate of Magnt 



Magnetism SutphaU. 



Colorless, transparent, rhombic prisms, but usually met 
with in commerce as small, acicnlar needles; they contain 
seven molecules {51.23 per cent.) of water of crystallization, six 
of which pass off at 120° C. ; the last molecule is not 
below 220° C. ; the crystals do not efBorcsce at 
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peratiires and in oitlioary atinoBpIieric humidity, but tliey do 
so slowly in warm, dry air. When heated, they undergo aqiie- 
oiia fusion, give out their water of crystallization, and at a red 
heat undergo tgaeous fusion, with partial decomposition. 

Magnesium sulphate dissolves ill three parts of cold, and in 
one part of boiling, water, but in insoluble iii alcohol ; its aque- 
ous solution has a nauseous, bitter taste, and a neutral reaction 
on test-paper; it is decomposed, and gives white precipitates, 
with the fixed alkaline hydrates and carbonates, and also with 
the earthy hydrates and their soluble salts; ammonium hy- 
drate and carbonate do not at once cause a precipitate in dilute 
Bolutians of magnesium sulphate, or, if so, only an incomplete 
one. since ammonium salts, when present or formed in acidu- 
lous solutions, hinder or retain this reaction ; but, on addition of 
phosphoric acid or solutions of tri-basic phosphates, a complete 
precipitation takes place, which precipitate, however, is soluble 
in dilute acids. 

The crystals of magnesium sulphate are isomorphous with 
those of zinc sulphate, and cannot be distinguished from them 
by the eye ; it is easy, however, to discriminate between them, 
not only bj- the difference in taste, but alsoby theactionof a few 
drops of ammonium sulphydrate on their aqueous solutions ; 
that of magnesium sulphate, in this case, remains unchanged, 
while solution of zinc sulphate yields a white precipitate, 

Examination : 

Metals may be detected by the occurrence of a turbidity, 
when the concentrated solution of magnesium sulphate is 
mixed witli twice its bulk of hydnisulphuric acid, and when 
subsequently a few drops of ammonium sulphydrate are added ; 
a white precipitate with the latter reagent would indicate airac; 
when a dark precipitate is formed, copper and iron are indi- 
cated, and may be contirmed in the slightly-acidnlated solution 
of the salt, the former by a reddish-brown precipitate, the latter 
by a blue one, with potassium ferroeyanide, 

AlkaliTie sulphates may be detected by boiling, in a porce- 
lain capsule, to about half its original bulk, a solution of about 
SO grains of the magnesium sulphate in three ounces of water, 
with one drachm of barium carbonate ; ammonium aulp/iate 
will be recognized daring the ebullition by the odor of ammo- 
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nia, and bj white fames when a glass rod, moiatened with 
acetic add, ie held over the hot liquid ; sodium miiphai^ will 
be indicated b; the alkaline reaction of the filtrate with litmus 
and tnriacric papers. Calcium salts may be detected, in the 
diluted solution of the salt, by a white turbidity with ammo- 
niam oxalate. 

One hnndred gj-aina of magnesium sulphate, diseolred in 
boiling water, and completely precipitated by a boiling solution 
of sodium carbonate, yield a precipitate whicb, when washed 
and dried, weighs 34 grains, and when calcined at a red hea^i 
16.26 grains. J 

A quajUitative estimation trf magnetium a^phate may bA' 
afforded, by making a solution of 100 grains of tbe salt in wa- 
ter to whicb subsequently have been added a little solution of 
ammonium eblorido and some aqua ammoniee, and completely 
precipitating it with sodium phosphate ; tlie mixture is allowed' 
to stand for 10 or 13 hours, when the precipitate ia collected 
upon a filter, washed with very dilute aqua ammonis, and^' 
when dry, completely incinerated in a porcelain crucible. The 
weight of the residue, divided by 2.775, shows the percent-' 
age of magnesium oside ; and when the number thus obtaiued 
is multiplied by 2.216, the product represents the percentage 
of crystallized magnesium sulphate in the salt uuder exami- 
nation. 



KAHaANBSH OZIDTTK NIQBUM. 
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Blaei Oxidt of MangaatM. PyrolutiU. Mangaaeu Diozida. 



Heavy, compact masses, of a dull-black or brownish-blaok, 
earthy appearance, or maaees of acicular or rhombic crystals of 
a black, metallic lustre, and, if pure pyrolusite, of a spec. grar. 
of 4.9. In commerce, it occurs usually ground, us a coarse, dull, 
black powder, consisting of manganese dioxide, scsqui-oxide, 
and monoxide, and is contaminated with the gangue (qi 
felspar, barytes, limestone, eta), which frequently amount 
40 or 50 per cent. 
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Manganese dioxide is infusible and unalterable by heat, ex- 
cept that it loses oxygen ; it does not combine with acids, bat 
is decomposed by them ; it is insoluble in water. When a 
particle of it is heated to redness upon platinum-foil, with a 
few grains of potassium hydrate and nitrate or chlorate, it 
yields a dark-green fuse, which dissolves in water, with a green 
color, changing to purple when the solution is boiled. When 
heated in a test-tube, with hydrochloric acid, chlorine-gas is 
evolved, and a brown solution obtained, which, when filtered, 
and saturated with aqua ammonise, gives a flesh-colored pre- 
cipitate with hydrosulphuric acid ; the color of this precipitate 
is, however, frequently rendered darker, or even brownish black, 
by the presence of oxides of iron aild other metals. 

Since the value of pyrolusite, for its application in the arts 
and trades, depends less upon the nature of its impurities than 
upon the percentage of real manganese dioxide, an examination 
of the mineral is invariably required before its application, and 
is mainly directed to the determination of the amount of dioxide. 

Among the several methods of conducting the assay, the 
two following are simple and accurate, the one being an ap- 
proximate, the other a quantitative one : 

1. Ten grains of the finely-powdered black manganese di- 
oxide are added, in a small flask, to a solution of 40 grains of 
granular ferrous sulphate in two drachms of water, and, when 
mixed by gentle agitation, one fluid-drachm of concentrated 
hydrochloric acid is added, and the mixture allowed to stand 
in a warm place, with occasional gentle agitation, for several 
hours ; a few drops of diluted hydrochloric acid are then added, 
and the mixture heated to boiling, and, after a while, filtered ; 
the filtrate is diluted, and tested with potassium ferricyanide ; 
if it gives no blue precipitate, the test bears evidence that the 
pyrolusite contains at least 60 per cent, of real manganese 
dioxide ; if a blue precipitate takes place, the peroxide is want- 
ing in that strength in proportion to the amount of the pre- 
cipitate. 

2. Fifty grains of the black oxide of manganese, in a fine 
powder, are carefully introduced into the flask A (Fig. 76) of 
the little apparatus described on page 60, into which previously 
have been poured 100 grains of concentrated hydrochloric acid 
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and about half an ounce of water ; SO grains of pore, crystal- 
lized oxalic acid are then added, the cork carrying the tabes it 
fitted, and the whole ajipuratiiE 
quickly weighed or counterpoised ; 
the flask B is chatted witli a lit- 
tle conccntrnted sulphuric acid, 
through which the evolved caJ* 
bonic-acid gas has to pass, atad 
which absorbs and retains the 
moisture ; gentle beat is applied 
to the flask A, as long as a brisk 
evolution of gas takes place ; tho 
process is itompleted when this A0> 
^^ jj tion and the passage of gas-bub- 

bles through the i;iilphuric a«id 
both cease, and the black color of the mixture has changed to 
a more or less brown one; the residual gas is then driven ofi^ 
by momentary ebullition, and the apparatus weighed. Every 
two molecules of carbonic acid evolved correspond to one mole- 
cule of manganese dioxide decomposed ; the molecular weight 
of the latter (87) being so nearly equal to twice that of carltonie 
acid (44), that the loss of weight sufFeretl hy the apparatus may 
be taken to represent the quantity of real manganese dioxide 
in 50 grains of the sample ; and it baa only to be doubled in 
order to express the percentage. 




KAKaAKESn BTTLPKAS. 
HANGANtiM SULP H IIBI CUM. 



d 



SulphaU ^ itanganat. Manyanaut Sulphate. 

Colorless or pale rose-colored prismatic crystals, occurring 
in three different forms, with different quantities of water of 
crystallization: (1.) Oblique-rhombic prisms (isomorphous with 
ferrous nulphate), containing seven molecules of water of crys- 
tallization, and obtained when crystallized ut a temperatui 
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below 6° C. ; (2.) Rhomboidal prisma (isomorphoua with eupric 
suipltatc), containing five molecules of water ol'crvstalliziition, 
obtained when crystallized at a temperature between 7° and 
20° C. ; and (3.) Right-rhombic prisms (isoinorphous with mag- 
nesiam Biil[<hate), containing four molecules of water -of crye- 
tallizatiou, and obtained when crystallized between 20° and 
30° C. 

The latter salt ie the one commonly met with. 'The crys- 
tals are permanent in the air, though slightly efflorescent in 
air that is dry and warm ; they are soluble in nearly their own 
weight of cold water, but insoluble in alcohol ; the aqueous eo- 
lation is neutral and colorless, or has, wheu concentrated, a 
faint rose-color ; its taste is aetringent, and it affords, with the 
alkaline hydrates and carbonates, white precipitates, of which 
those with the hydrates gradually become yellow, and finally 
dark brown, by oxidation ; ammonium sulphydrate produces a 
fiesh-colored precipitate soluble in acids ; hydrosulphuric acid 
throws down the same precipitate, but not before the addition 
of an alkaline hydrate or carbonate ; tannic acid or tincture of 
Dutgall will not act upon the solution ; potassium ferrocyanide 
and barium nitrate produce white precipitates, and potassium 
ferricyanide a brown one. 

When a fragment of a crystal of manganous sulphate is 
heated witii one or two drops of liquor potassffi, upon plati- 
num-fdil, it yiehls a bluish-green fuse. 

ExamtnatioD : 

Ferrous and oupric sulphxtiea arc detected, in the diluted 
solution, acidulated with hydrochloric acid, the former by a 
blue [ireeipitate with potassium ferrocyanide, the latter by a 
black one with hydrosulphuric acid. 

Magneaium and alkalitie sulphatet may be detected by 
completely precipitating the dilute solution of the salt with 
ammonium sulphydrate, and by testing part of the filtrate with 
sodium phosphate; a white, crystalline precipitate will indi- 
cate magnesium sulphate ; if no reaction has taken place, an- 
other portion of the filtrate is evaporated in a porcelain cap- 
sule, and the residue heated to redness upon platinnm-foil; 
Lfixed remainder would indicate ^Cassium and so(7ium salts. 
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MORPHIUM. MORPHINCM. 
Morphia. Morphine. 

Small, brilliant, prismatic crystals, transparent and color 
less, or a wliile, crystalline powder. Heated in a dry test- 
tube, morphia loses its transparency and its water, and fuses to 
a yellow mass, which becomes white and uryetalline un cool- 
ing ; heated on platinum-lbil, it burns away, leavinf^ a oarbo- 
iiaceous residue which is wholly dissipated at a red heat. 

Strong snlphnric acid dissolves morphia without coloration; 
. the Bolntion becomes green on the addition of one drop of boId- 
tion of potassium bichromate, or purple with one drop of nitrie 
acid. Concentrated nitric acid, diluted with an equal voUiuie 
of water, dissolves morphia, with a yellow color, which, after a 
while, or at once upon heating, becomes purple; this yellow 
solution in dilute nitric acid remains unchanged upon the addi- 
tion of a few drops of stannous chloride (distinction from bm- 
cia, which yields a violet coloration). When a few particles ot 
morphia are added to a little diluted neutral liquor fcrri chlo- 
ridi or sulphatis, a deep-blue color is prodaced. This reaction 
takesplacealsoinsolutionsofmorphia, if theyare not too dilute- 
Morphia IS but sparingly soluble in cold, but a little more 
in boiling, water, forming a solution of a hitter taste and a 
faint alkaline reaction ; it is almost insoluble in ether (distinc- 
tion from narcotia and codeia), in benzol, and in amylic alco- 
hol, somewhat soluble in chloroform, and quite so in about 90 
parts of cold, or 30 parts of boiling, alcohol ; it dissolves free- 
ly in dilute acids, in the fixed alkaline hydrates, and in lime- 
water, but is almost insoluble in ammonium hydrate. 

Dilute solutions of morphia in acidulated water are not pre- 
cipitated by liquor potasste or soda?, when added in excess (dis- 
tinction from narcotia), nor by potassium bicarbonate (distino- 
tion from the cinchona alkaloids), nor by tannic acid ; they dis- 
charge the color of solution of potassium permanganate qniclcly, 
and decompose potassium iodate at once, liberating iodine, 
which may be eictracted by agitating the solution with a little 
chloroform or carbon bisulphide, which, on subsiding, acquires 
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a scarlet color, while the aqueous solution remains brown. The 
acidulated solution of morphia affords a white precipitate with 
potassio-mercuric iodide, and a brown one with iodinized potas- 
sium iodide. 

The ready solubility of morphia in liquor potassse and sodse, 
and its reducing action upon iodic acid and potassium perman- 
ganate, distinguish it from almost all other vegetable alkaloids. 

Bxamination : 

Narcotia is indicated by a white, crystalline residue, left 
upon evaporating, on a watch-glass, a little pure ether agitated 
with a few grains of the morphia. 

Mineral impurities or admixtures may be detected by a 
fixed residue, upon complete incineration of a little of the mor- 
phia on platinum-foil, as well as by their insolubility, when 
about three grains of the morphia are dissolved in two fluid- 
drachms of boiling alcohol. 

EftimatioiL of the Morphia Strength of Opium : 

Since the therapeutical and commercial value of opium 
mainly depends upon the .quantity of morphia, an examination 
of opium is invariably required before its introduction into the 
market or its application for the manufacture of the opium 
alkaloids, or for medication. Among the various methods for 
the estimation of the morphia strength of opium, the following 
are simple in execution, require comparatively little time, and 
render approximately correct results. 

Staples's Process. — One hundred grains»of the powdered and 
dried opium are exhausted upon a filter with some warm, pure 
benzol, until the drops of the benzol pass through colorless. 
The opium is subsequently dried upon the filter until the odor 
of benzol has entirely disappeared, and the powder has acquired 
a dry appearance ; it is then triturated, and rinsed into a flask 
with so much water as to measure 10 fluid-drachms ; the mix- 
ture is macerated, with occasional agitation, for 12 hours, and 
is then poured upon a moistened filter, and tepid water allowed 
to percolate through the opium, until the washings are quite or 
nearly colorless. The aqueous solution is then evaporated in 
a beaker, upon the water-bath, at a moderate heat, to about 
half a fluidounce, and this is mixed with an equal bulk of alco- 
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hol of a Bj>ec. g;rav. of 0.835, filtered tliroagh a small filter, 
and the latter watihed witli a little dilute alcohol. Then, oni^- 
lialf of a mixture, coneisting of 60 drops of aqua amraoniffi 
and two fliiid-dracbms of alcohol, is added, with agitation, and 
the mixture allowed to stand, in a closed flask, for aix hours, 
when the remainder of the ammonia in added, and the mixture 
permitted to rest again for 24i hours. The crystalline deposit in 
the flask being detached from its Bides, the entire conteritfl are 
gradually poured upon a small tared filter, and the crude, crys- 
talline morphia washed with a few drops of cold water, and 
dried at a temperature not exceeding 80" C, when the morphia 
is exhaiiGted on the same filter, with a little warm pare etJier, 
and dried again at the same temperature, until, upon repeated 
weighing, the weight remains unaltered. The weight indi- 
catea the percentage of morphia in the opium. 

Uager-Jacn^se^sProceag. — Six and a half grammes (100.331 
grains) of the powdered and* dried opium are tritnrated wUii 
three grammes (46.302 grains) of dry calcinm hydrate, and » 
much water as to form a soft mass ; this is rinsed into a tuv(l 
flask of about 100 cubic centimetres (3^ ounces) capacity, with 
so much water that the whole weighs 74i grammes \^1 ounces 
and 3 drachms). The flask is then loosely corked, and di- 
gested, OH a water-bath, with occasional agitation, for about 
one hour. After cooling, the flask is replaced upon the bal- 
ance, and the amount of the evaporated water is exactly re- 
stored ; the liquid is then passed through a small moist Alter. 
The filtrate is collected in a test-tube, of about one inch in 
width and from six to seven inches in length, upon which there 
has been previously made a mark indicating the volume of 50 
cubic centimetres (the bulk of 13 drachms of distilled water, 
at about 16° C). This volume is generally obtained from the 
filter ; in case it be a little more, the funnel is withdrawn when 
the filtrate reaches the mark. A mixture of eight drops of 
benzol and three cubic centimetres (46^ fluid-grains) of ether 
is then added, and the test-tube corked and agitated ; which 
process is continued after the subsequent addition of 4^ 
grammes (70 grains) of powdered ammonium chloride, until 
this is dixsolved. The mixture is allowed to stand for three or 
four hours ; the crystalline deposit in the test-tube is then 
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tached, if necessary, and tbe whole gradually transferred to a 
Bniall tared and moistened tilter ; the crystalline mass is 
washed with a few drops of water, and then dried, at a tem- 
peratnre not exceeding 80° C, and ia subsequently washed 
upon the same filter with a little chloroform. Finally the fil- 
ter is completely dried, at a temperature not exceeding 80° C, 
and weighed. The weight of the precipitate indicates the 
percentage of morphia in the opium, 

Schnelder'a Process. — Ten grammes (154,340 grains) of tlia 
powdered and dried opium are exhausted with a mixture of 150 
grammes (4 oimccs, SJ drachms) of water, and 20 grammes 
(5 dniehms, 9 grains) of pure hydrochloric acid; t.Jie residue, 
atler extraction, washing, and drying, should not exceed 4.5 
grammes (1 drachm, 9^ grains) in weight ; to the acid fluid, 20 
grammes (5 drachms, 9 grains) of common salt are added, and 
the liquid, after standing for 24 honif, is passed through a tilter, 
and this and the deposit of narcotia washed with a little dilute 
solution of common salt ; aqua ammonite is then added to the 
filtrate in a slight excess, and the whole allowed to stand for 
24 hours more ; the crystalline deposit is then collected, re- 
dissotved in diluted acetic acid, and precipitated with diluted 
aqua ammonijG ; the precipitate is collected upon a moist tared 
filter, washed with a little cold water, dried at a heat not ex- 
ceeding 80° C.,and weighed; its weight should be not less than 
one gramme (15.434 grains), corresponding to 10 per cent, uf 
irphia. 



Zitimatioii of the Horphia Strength of Tincture of Opituu : 
"When tincture of oj>iutn has to he examined for the quan- 
tity of morphia it contains, this may be ascertained by cither 
of the two tollowing methods : 

I. Twenty-one and one-third fiuid-drachms (representing 
100 grains of opium) of the Tinctura Opii (each fiuidounce of 
which, when prepared according to the U. B. Pharmacopceia, 
represents 37.5 grains of opinm) are evaporated in a porcelain 
capsule or a beaker, on a water-bath, at a moderate tempera- 
ture, to about one-third of the original volume; tlien, afVer 
standing in a cool place for twenty-four hours, the* liquid ie 
decanted from the resinous deposit, and the latter washed with 
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B«rmcr. Tolbe 

I «qpnlnlMM«f ainfcol of aspce. gnr. 

•Ti drafs WaqM a 
Tlw openiim 

IL Iwtmtj-^mt ntd eae-third faMtdnefami (ivjvesaBtisig 
ion gnaw of «pnB) of tin "naetam Opti we dQnted, in t 
bcalur, wiA thomt one onen of t^id vaMr, aad then eon- 
pletdj pfccipitated whk a ttro^ aolBliaa «f plambie ucUto; 
the Buxtore ■• allowed to ttaBd n a warn pbee (or tiro horns ; 
it is tben filtered^ asd tbe pnripitate waabed apon tbe filter 
with tepid water, antfl this eeaaea to ledden bliie litnias-paper. 
Tbe filtrate a next ntarated with hTdronlphaiie^eid gaa, and 
allowed to ttand for one hoar, when it a filtered and wasfaol 
afpun. Then so mnrh of a solution of potasfinin btcarhonate 
(free from carbonate) is added to tbe filtrate as to T«ider H 
sligliilT alkaline ; it is then filtered, and tbe precipitate waabed 
with a little carbonic-acid water; tbe filtrate h then oreraata- 
rated with aeettc acid, and evaporated in a tared porcelain 
eapsnle, on a water^bath, to about three ounces br weight ; 
when nearly cold, it is completelT precipitated with a eolation 
of one part of {M>taeetuni carbonate in two partii of water, and 
is then allowed to stand for 24 hours, when tbe crvstalline de- 
putit is collected upon a small tared filter, and washed with a 
few drops of cold water, or aatil this ceases to change the color 
of red litmii»-pai>er at once. The precipitate is dried on the 
filler at a temperature not exceeding 80° C, and is then ex- 
liaHitte<l on tlie filter with a little wann, pure ether, and Hib- 
ncquentl; dried ^ain at the same temperature. 

In l>oth to»t8 the precipitate, when completely drr, sboMM 
weigh at Icaitt 10 graine, indicatins; the employment of an 
opium eonlaifiiiig 10 per cent, of morphia, and a morphia 
HtrciigtU 'of the tincture amoanting to 3.TJ grains in encli 
fluiduunce. 
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XOBFHIiB AOETAS. 

MORPHIUM SEU KORPHINUH ACETICUIL 
Acetate of Morphia or Morphine. Morphia Acetate, 

A white or nearly white powder, with a feeble odor of 
acetic acid, and permanent in the air; when heated upon plat* 
inum-ibil, it fuses, and is wholly dissipated at a red heat. It 
remains colorless when moistened with concentrated sulphuric 
acid, and dissolves in concentrated nitric' acid, with a scarlet 
color. 

Morphia acetate is soluble in about 24 parts of cold water, 
acidulated with a few drops of acetic acid, and freely soluble in 
boiling water, and in diluted acids ; it is little soluble in cold, 
but more so in warm, alcohol, but almpst insoluble in ether. 
Its aqueous solution has a yery bitter taste and a slightly acid 
reaction ; it is rendered turbid by tannic acid, but becomes 
transparent again upon the addition of diluted sulphuric acid 
(evidence of the absence of narcotia) ; it is not permanently 
precipitated by potassium hydrate, when added in a slight ex- 
cess (distinction from most alkaloids), nor by potassium bicar- 
bonate (further distinction from narcotia and from the cinchona 
alkaloids), and assumes a greenish-blue coloration with dilute 
solution of ferric chloride. 



MORPHIUM SEU MORPHINUM HYDROCHLORICUM. MORPHIiE 

MURIAS. 

Hydrochlorate qf Morphia or Morphine, Morphia Hydrochloride, 

Colorless, transparent, flexible, acicular crystals, of a silky 
lustre, or a crystalline powder, containing 14 per cent, of water 
of crystallization, which evaporates at a moderate temperature. 
Heated upon platinum-foil, morphia hydrochloride fuses, and, 
at a higher temperature, burns away without residue. 

Morphia hydrochloride is soluble in 20 parts of cold, and in 
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nearlr iu own veiglit of boiling, wst«r, and in 00 parts of o 
aorl ID parte of boiling, alcoboL Its aqneooB eolotioa it i 
n&l, has a tittter taste, and assumes a jeltowish-rcd eulotmtMml 
npoD the addition of strong nitric acid, with gentle heatin<;, and 
a lilnlah one witb dilate eolntion of ferric chloride; it renders 
no penaaneot tarbiditr with diltite liqnor potases in a slight ex- 
ceeo, bat U precipitatetl ity ammooinm hvdrmle. When aeidn- 
lated with bvdrociiloric acid, the eolation rields no precipitate 
with tannic acid, nor with potaseinm bicarbonate (distinction 
from narcotia and ^m the cinchona alkaloids). With argra- 
tic nitrate, the aqaeons solution of morphia h;dr»chloriiJe give* 
a white, cnrdr precipitate, iofioluble in nitric acid, bat soluble 
In aqaa ammoniie, which eolation, when heated in a teit-tobe, 
separates metallic silTcr. 

When a little dry morphia hydrochloride is added to a mix- 
tare of two parts of concentrated salpharic acid and one part 
of water, in a amall test-tabe, no change of color of the liquid 
takes place, either at common temperatares, or when gently 
warmed by immeraing the teat-tnbe in hot water (evi<ienoe of 
the absence of ealicin and other bitter eabstances) ; when this 
liquid is divided into two portions, and one drop of strong 
nitric acid is added to the one part, a red coloration occurs, 
and on adding a trace of potas^iam bichromate to the other 
part, only a slight yellowish-green coloration takes place. 

Morphia hydrochloride diseolFes in cliluri tie- water, with a 
yellowish color, which becomes brown upon addition of aqua 
ammonise (distinction from qainia, which yields an emerald- 
green coloration). 
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MOBPHirM SEC MORFUI^XM SCLPHURICCIL 

Sulphatt lif Morphia or iforphine. Jtorphia Su^phaU. 

Colorless, tran.iparent, fasciculate, feathery crystals, perma- 
nent ill the air ; tliey contain abont 14 per cent, of water, of 
which 12 per cent., water of crystallization, are given off at 
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100° C. When heated upon platinam-foil, morphia sulphate 
fusee, and bums away without residue. 

Morphia, sulphate is soluble in twice its weight of cold, and 
less than its own weight of boiling, water (distinction from 
quinia sulphate) ; it is less soluble in alcohol, and almost insol- 
uble in ether and in chloroform. Its aqueous solution is neu- 
tral and very bitter ; it giv^es no permanent precipitate with 
potassium hydrate when added in a slight excess, nor with po- 
tassium bicarbonate (distinction from the cinchona alkaloids), 
but a white one with ammonium hydrate or carbonate. It 
gives a bluish reaction with ferric chloride, and a white pre- 
cipitate, insoluble in acids, with barium chloride. 

Morphia sulphate dissolves in strong sulphuric acid without 
coloration, even when gently warmed by dipping the test-tube 
in warm water (evidence of the absence of salicin and other 
bitter glucosides) ; it dissolves in concentrated nitric acid with 
a yellowish-red coloration (distinction from quinia). When 
dissolved in a little chlorine-water, morphia sulphate yields a 
greenish-yellow solution, which becomes dark-brown upon ad- 
dition of aqua ammonias (further distinction from quinia, 
which yields an emerald-green reaction). 



NIOOTIA. 

NICOTINUM. 

Nicotine. Nicotia.. 

A colorless or nearly colorless, oily, and volatile liquid, of 
1.027. spec, grav., with a pungent odor, resembling that of to- 
bacco, and an acrid, burning taste. By exposure to the air, it 
becomes gradually brown and thick; when heated, it vola- 
tilizes, forming irritating vapors, which, when ignited, burn 
with a. bright flame. When dropped into concentrated sulphu- 
ric acid, it dissolves, with a red color, and, when one drop of 
solution of i>otassium bichromate is added, the solution be- 
comes brown, and subsequently green. Nicotia produces white 

fumes with hydrochloric and acetic acids, precisely like ammo- 
is 
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Diam hydrate; when dropped into concentrated hydroeUorio 
acid, and heated, it diseolves with a deep-violet color, and 
likewise in nitric acid, with an orange-yellow color. 

Nicotia einka when dropped into water (distinction from 
conia, whit-h floats) ; it is miscible witli water, alcohol, eth«r, 
carbon bisulphide, and chlorot'orm, and with most fixed and 
essential oils; its solutions have an alkaline reaction, and an 
acrid, burning taste ; they are precipitated by solutions of tan- 
nic acid and of potassio-m ere uric iodide ; the alcoholic solution 
should yield no turbidity with diluted sulphuric acid (evidence 
of the absence of ammonium hydrate). The aqueous solution 
of nicotia, when applied to the eye, causes the pupil alternately 
to dilate (mydriasis) and to contract (stenocoriasis). 



OLEUU AUT9DAI.AStTlI AUABABDK. 



Oil qf Bitter Altiumdi. 



A thin, colorless, or golden-yellow liquid, of fp-cat refractive 
power, and of the odor of bitter almonds, when triturated witb 
water. Exposed to the air, it greedily abaorbs oxygen, witb 
the formation of crystals of lienzoic acid ; its spec. grav. ia 
from 1.04 to 1.06 ; its boiling-point, 180° C. 

When dropped into water, oil of bitter almonds sinka, bat 
dissolves upon shaking, unless too much oil has been need. 
When a few drops of liquor potassee arc added to its aqueous 
Bolution, and afterward one or two drops of ferrous chloride or 
entphate, and finally, after agitation, a slight excess of hydro- 
chloric acid, there will appear a blue coloration, and, after a 
while, a blue precipitate. 

Oil of bitter almonds is miscible, in all proportions, with 
alcohol, ether, chloroform, carbon bisulphide, and essential and 
fatty oils; it U also soluble in concentrated nitric acid, without 
color, and without the evolution of nitrous fumes ; it forme a 
thick, crimson liquid with concentrated sulphuric acid. 

Among the several compounds of which oil of bitter it 
monds consists, it contains from 3 to 14 per cent, of hTdrocyamc 
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icid, partly free and partly combined ; the crude oil derived by 
distillation, without further rectification, j^enerally is the richest 

' in iiL'iil. 

Estimation of the Available Qaantity of Hydrocyanic Acid in 

i Oil of Bitter Almonds : 

II. Fifty grains of the oil are mixed with lialf an ounce of 
strong alcohol in a eoiall fiask ; then four ounces of water are 
added, and 50 drops of liquor 
potassie, or so mu^h as to ren- 
der the liquid strongly alka- 
line. Volumetric test-solution 
of argentic nitrate is then deliv- 
ered into this liquid (Fig. 77), 
with constant stirring, until the 
ensuing precipitate ceasee to 
be redissolvcd, and therefore a 
. alight permanent turbidity oc- 
cnre. The quantity of argen- 
tic nitrate employed represents 
I exactly half the amount of 
liydrocyanic acid, and has, 
therefore, to be muhijjlied by 
■four, to obtain the percentage. 
2. Another method consists 
in dissolving 50 grains of the 
oil in half a flnidounce of alco- 
llol, in a small flasic, and add- 
ing about four ounces of wa- 
ter ; to this solution is then 
mdded a solution of 30 grains 
of argentic nitrate in four 
fluid-drachms of aqua ammo- 
niffi; the mixture is then gen- 
tly warmed to about 50° C, and, after repeated agitation, an 
s of nitric acid Is added, and the whole gently warmed by 
r immersing the flask in hot water. The precipitate of argentic 
I i^anido is collected upon a tared and moist filter, washed until 
T the washings cease to redden blue litmas-paper, and then dried 
fassi weighed. The number of grains of the weight of the 
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dry argentic cyanide being divided by five, the quotient, mnlti' 
plied by two, gives the percentage of anliydrous hydrocyanic 
ftcid contained in the oil. 

Exunuiation : 

Alcohol may be detected in oil of bitter almonds by agitat- 
ing it with three times its Tolume of concentrated nitric acid, 
and subsequently warming tbe mixture by dipping tbe teftt- 
tube into hot water. No reaction takes place with pure oil; 
but, if it has an admixture of more than three per cent, of alco- 
hol, effervescence will occur, with disengagement of yellowish 
nitrous vapors. 

Chloroform, as well as cUcokol, can be detected by Bubmit- 
ting about two drachms of the oil to distillation from a water- 
bath, cooling tbe receiving test-tube in ice-water (Fig. 78). 
The boiling-point of the oil being at 180° C, only adtnixtares 
volatile at or below the boiling-point of water will distil, witli 




but email traces of tbe constituents of the oil. The obtaJned 
distillate is mixed with a little iodine-water; if chloroform be 
present, and no alcohol, it will absorb the iodine, and separate, 
with a rose-color. Tbe colorless, aqueous liquid is decanted, 
and then warmed by dipping tbe teat-tube in warm water ; 
drop of solution of iodinized potassium iodide la added, 
then one drop of liquor potass®, or so many as nearly to decol- 
orize tbe liquid. If alcohol be preeent, minute yellow cryatals 
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if ioduform will be prodnced (Fig. 79), which, after etibsiding, 
"in a conical glass, may be recognized by the examination of 
the sediment under the microscope. 

Nitrobensol may be detected by 
dissolving 15 grains of fased potassium 
hydrate in about two fluid-drachms of 
alcohol ; the solution may be aided by 
dipping the test-tube into hot water; 
when it is complete, from 15 to 20 
drops of the oil are added, and the 
heating continued for a minute ; if 
the oil be pure, the mixture will re- 
main colorless or nearly so, and will form, on cooling, a white, 
■crystalline deposit of potassium benzoate ; it it is contaminated 
with nitrobenzol, the liquid will assnnie a dark-brown color. 

Or the oil may be tested by agitating about one drachm of 
it with half a drachm of fused potassium hydrate. If nitroben- 
zol is present, the yellow color of the oil will give place to a red 
tint, which passes into green, if much nitrobenzol is present; 
the green color disappears after about twelve hours and returns 
to the red tint. 

Essential Oils. — Adulteration with cheaper essential oila, 
ias well as with nitrobenzol, may be detected by tlie property 
'■of oil of bitter almonds to dissolve in a concentrated aqueous 
iolution of sodium bisulphite when added drop by drop and 
agitated ; whereas such admixtures remain undissolved, float- 
ing upon the aqueous solution after dilation with a little tepid 
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YolaliU Oil «/ ifjatard. 



colorless or pale-yellow liquid, of a most penetrating, 

pungent odor, and of l.Ol to 1.015 spec, grav, ; when dropped 

into water, it sinks slowly, and dis-solves in about 50 parts of 

it, which solution forms a black precipitate, when heated with 

few drops of solution of argentic nitrate. 
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Mnstard oil U mi&cible with alcohol, ether, cliloroform, c«r- 
lM>n bUulphide, and benzol, &nd vrith fatty and essentia! oila; 
it snSers decomposition with concentrated nitric acid, with the 
evolntion of nitrons rapoK, and tlie formation of a re^inoua 
residue. When dropped into concentrated sulphuric acid, 
mmlard oil dissolves, withont color, and without the erolutioa 
of heat, and when mixed with concentrated sulphuric acid, in 
the prupurtiuii of one part of oil to three parts of acid, taking; 
care ihat the niixtnre U kept cool, enlphnrous acid is evolved, 
and, after 12 hours, a colorless or but slightly brown, thick 
liquid or crvstalline mass is formed, devoid of the odor of 
mnstard oil. 

SxBiniiiatioii : 

Admixtures of exaaUial oUs, carbon bitulpAtde, ntiroietizolf 
and alcohol, arc indicated by becoming wann and dark-colored 
when about five or aii drops of the oil are added to about 50 
or 60 drops of concentrated sulphuric acid, iu a dry test-tube. 

Admixtures of alcohol, bemol, and other hydrocarbons, are ^ 
also indicated when two or three drops of the oil are allowed I 
to fall into a test-tube, tilled about one-third with cold distilled I 
water ; they should sink slowly to the bottom, remaining clear 
and transparent, until, after gently inclining the tube two or 
three times, they become opalescent. When contaminated 
with only a few per cent, of the above adulterations, the drops 
lobc their trHnspnrency, and become opalescent, as soon as they I 
fall into the water. 



PI.TT1CBI ACBTAa 
PLUMBUM ACETICDM. 
Aattatt of Lead. Sugar qf Lead. Plumhie Aeetate. 
Colorless, transparent, brilliaut prisms or plates, or, as gen- 
erally met with, heavy, compact crystalline masses, somewhat 
resembling loaf-sugar, having an acetous odor and a sweet, 
astringent taste ; they contain three molecules (14.21 per cent) 
of water of crystallization, and effloresce slowly and absorb cai^ 
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bonic acid when exposed to the air ; they become black when in 
contact with gaseous or dissolved hydrosulphuric acid. When 
gently heated, plumbic acetate fuses at 75.5^ C, loses water 
and acetic acid, and is decomposed at a higher temperature, 
leaving a black residue, which is reduced, at a red heat, to 
plumbic oxide or to metallic lead. 

Plumbic acetate is soluble in about two parts of cold, and 
in half its weight of boiling, water, and in eight parts of alco- 
hol, but insoluble in ether and in chloroform ; its solution in 
water has generally a slightly turbid appearance from traces of 
plumbic carbonate, which, however, disappears upon the addi- 
tion of acetic acid ; the aqueous solution has a feeble acid reac- 
tion, forms white precipitates with the alkaline hydrates (solu- 
ble in excess of potassium and sodium hydrates), with the alka- 
line carbonates, and with sulphates and chlorides, a yellow one 
with iodides, and a black one with hydrosulphuric acid and 
with sulphides. When completely precipitated by sodium 
chloride, the colorless filtrate will assume a deep-red tint with 
a few drops of solution of ferric chloride. 

Szamiiiatioii : 

Calcium and barium acetcUes may be detected, in a solution 
of 20 grains of the plumbic acetate in one ounce of warm wa- 
ter, by precipitating it with 20 drops of concentrated hydro- 
chloric acid ; the filtrate is completely precipitated with hydro- 
sulphuric acid, is filtered, and then over-saturated with sodium 
carbonate, and gently warmed ; a white turbidity would indi- 
cate calcium or barium salts. 

Copper is indicated by a blue coloration of the solution of 
plumbic acetate, when precipitated with aqua ammoniae. 



FLTTKBI CABBOITAS. 

PLUHBI SUBCARBONAa PLUMBUM CARBONICUM. CERUSSA. 

Carbonate or SuhearJxmaie of Lead. White Lead. Basic Plumbic Car- 
bonate. 

A heavy, white, opaque powder, or friable lumps, which 
are blackened by hydrosulphuric acid. Heated upon charcoal, 
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before tlie blow-pipe, plumbic carbonate turns yellow, fase^^ 
and is tinally rednced to soft, malleable metallic globules. It ig | 
insoluble in pure water, but eomewbat soluble in water contain- 1 
ing mucli carbonic acid or alkaline bicarbotiatcs ; it is wlioltj i 
dissolved, with effervescence, in diluted acetic and nitric aeida^f 
renderiug colorless solutions, of a sweet, astringent taste ; tbesf , 
solutions yield white precipitates witb dilute sulphuric and hy- 
drochloric acids, and with soluble sulphates and chlorides; 
thev also give a white precipitate witli liquor potassee or sods, 
soluble in an excess of the precipitant, a yellow one with {wtaa^ ■ 
siiiin iodide, and a black one with hydrosulpburic acid. 

Ezasdaatioa : 

Admixtures of barium, calcium, and plumMc mdphatag^i 
remain behind, upon solution of the white lead in dilute nitrioj 
Dcid. Their quantity may be ascertained by dissolving lOOl 
grains of the sample in a sufficient quantity of warm dilated f 
nitric acid, and by collecting and washing the insoluble residoAl 
upon tt tared tilter ; when completely dry, the weight indicatesl 
the percentage of such admixtures. 

If the nature of the admixture has to be ascertained, tb«'| 
residue is transferred to a flask, and is digested, for some daye, 
with occasional agitation, with a eolation of ammonium sesqtd^ 
carbonate; if plumbic sulphate be present, it is decomposed, 
and plumbic carbonate formed ; as an evidence of tlie preeenct 
of the former, part of the Bii|)ernatant liquid may be acidulated! 
with nitric acid, and tested with barium nitrate for sulphuric^ 
acid. 

Admixtures of calcivm earbonaU or phosphate, hariui 
honat^, and oxida of stiic, are more or less soluble in nitrif 1 
acid. In order to detect and to distinguish them, the nitri<j-?J 
acid solution of the sample is freely diluted with water, and ibT 
subsequently satnrated and completely precipitated with hydro-. J 
snlphuric-acid gas ; it is then filtered, and warmed, to expell 
the excess of gas, and a small portion of the solution i 
saturated with sodium carbonate ; an ensuing wiiite preoipi-'^ 
tate will confirm the above admixtures; in order to ascertain 
their nature, the rest of the solution is nearly neutralized with 
a few drops of liquor sods and then tested, in separate por- 
tions, with solution of calcium sulphate for harium^ with oxaUo 
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acid, after previous addition of a little sodium acetate, for col- 
ciumj and by addition first of sodium acetate and subsequently 
of ammonium sulphydrate, for sine. 



FLUMBI ZODIDUX. 
PLUMBUM lODATUM. 
Iodide qf Lead, Plumbie Iodide, * 

A bright-yellow, heavy, inodorous powder, when obtained 
by precipitation, or shining, golden-yellow, flexible scales, when 
crystallized; when heated in a dry test-tube, plumbic iodide 
turns red, and iuses to a thick reddish-brown liquid, which 
congeals, on cooling, to a yellow mass ; at a stronger heat, it is 
decomposed, with the evolution of violet vapors ; and when 
heated with exsiccated sodium carbonate, on charcoal, before 
the blow-pipe, it is entirely reduced to metallic globules. 

Plumbic iodide is soluble in about 1,250 parts of cold, and 
194 parts of boiling, water, and also, to a slight extent, in alco- 
hol ; a hot saturated aqueous solution, on cooling, deposits the 
salt in brilliant yellow scales ; it is readily soluble in acetic 
acid, in liquor potassse or sodse, in concentrated solutions of the 
alkaline or earthy iodides, in warm solution of ammonium 
chloride, and in solution of sodium hyposulphite, from all 
which solutions hydrosulphuric acid precipitates black plum- 
bic sulphide. 

When shaken in chlorine-water, plumbic iodide suffers par- 
tial decomposition, and yields a filtrate from which chloroform 
or carbon bisulphide will extract iodine, with a red color. 
When boiled with solutions of alkaline or earthy carbonates, it is 
decomposed, forming iodides and plumbic carbonate. When 
Wled with granular or powdered iron or zinc, plumbic iodid^ 
is likewise decomposed, forming soluble iron or zinc iodide and 
metallic lead. 
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PLUMBUM NITEICDM, 



^'itrate e/ Lead. Plumbio Nitrate. 



Colorless, transparent or opaque, anliydrouB, octahi 
crjBtale, permanent in the air. Heated in a dry test-tube, 
crystals deflagrate, emit yellow nitrous vapors, and leave a 
due of plumbic monoxide. 

Plumbic nitrate is soluble in 7^ parts of cold water, but leas 
soluble ill alcohol. Its aqueous solution is neutral, has h sweet, 
astringent taste, and gives a white precipitate with sulphnriu 
or hydrochloric acid, and with solutions of sulphates or chlo- 
rides, a yellow one with potassium iodide, and a black one 
with hydrosulphurio acid. When triturated with concentrol 
sulphuric acid, and heated, the salt evolves red nitrous fumi 

Examination ; 

Barium nitraU may be detected in the filtrato from 
aqueous solution of the salt, after coTiiplete precipitatii 
hydrosulphuric acid, by over-saturating it with sodium 
ate; a white precipitate would indicate barium. 

Copptr may be detected, in the aqueous solution of the salt, 
by completely precipitating it with sodium sulphate, and by 
testing the tiltrate with an excess of ammonium hydrate, whi 
copper will be indicated by a bluish color of the liquid. 




TXiDMBI OXXDUIL 
PLUMBUM OXYDATUM FUSCTJM. LtTBABGYRCM. 
Oxide ^f Lfod. Litharga. IHitmbie Monoxide, 
Small scales or heavy masses, of a brick-red color andn 
foliaeeoua fracture, or a heavy powder of the same color, dew 
of taste and odor. It fuses at a red heat, and, when healed 
upon charcoal, is reduced to the metallic state. 

Phihibic monoxide is but sparingly soluble in water, im- 
parting thereto a feeble alkaline reaction ; 



. water, io^^l 
soluble i^^l 
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warm solutions of the fixed alkaline hydrates, and in diluted 
nitric and acetic acids, without effervescence or residue; it 
slowly absorbs carbonic acid from the atmosphere, and contains 
the more carbonate the longer it has been exposed to the air ; 
from this cause, when very old, it becomes more or less efferves- 
cent with acids. The nitric-acid solution of plumbic monoxide 
yields white precipitates with dilute sulphuric and hydrochloric 
acids, with solutions of sulphates and chlorides, and with the 
alkaline hydrates, which latter, ammonium hydrate excepted, 
redissolve the precipitate, when added in excess ; it gives a 
black one with liydrosulphuric acid, and, when neutral, a yellow 
one with potassium iodide. 

Bzamination : 

Plumbic carbonate and red oxide are detected, when a small 
quantity of the litharge is triturated with a little water, and 
the mixture is added, drop by drop, to concentrated nitric acid, 
in a test-tube ; carbonate is recognized by effervescence ; red 
oxide by a brown residue, insoluble in an excess of acid, with 
gentle warming, but soluble upon the addition of a little oxalic 
acid or sugar ; if this residue, however, does not dissolve, an 
adulteration with powdered silicates, crude ferric oxide, etc., 
is indicated. 

Silicates are also indicated by a white turbidity or a floccu- 
lent precipitate, occurring in the solution after the addition of 
the oxalic acid, in the preceding test. 

Oxides of zinc and alkaline earths may be detected by mix- 
ing the nitric-acid solution with three times its volume of hy- 
drosulphuric acid, or so much as completely to precipitate the 
lead ; the filtrate is evaporated to half its volume, and one por- 
tion of it is over-saturated with sodium carbonate ; an ensuing 
white precipitate would indicate oxides of zinc, calcium, or ba- 
rium ; the other part is neutralized with liquor sodse, and tested, 
in separate portions, with sodium acetate, and subsequent addi- 
tion of hydrosulphuric acid, for zinc ; with ammonium oxalate 
for calcium, and with calcium sulphate for barium. 

Copper and Sulphates, — About 30 grains of the powdered 
litharge are digested, for one hour, with occasional agitation, 
in about half an ounce of a mixture consisting of equal parts 
of aqua ammonise and dilute solution of ammonium sesqui-car- 
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bonate; a bluish tint, ia the obtained filtrate, wonld indicate 
copper, and a white precipitate, when eligbtlj over-saturated 
with diluted nitric acid, and subseqnentlr tested with barium 
nitrate, wo aid show ealphate. 

Metallic Lead. — About S<i grains of the litharge are digested 
in a tei^t-tabe, with occasional a|:itat!on, for half an hoar, with 
a solution of plumbic nitrate; a few drop^ of the decanted 
liquid are then introduced into a little water, to which preri- 
ouely have been added a few drops of enlphnric-acid mucilage 
of starch, and a few drops of solution of potassium iodide^ If 
the sample contains even traces of metallic lead, this gives rise 
to the formation of plumbic nitrite, which will dccompoae the 
potassium iodide, with the liberation of iodine, which at once 
produces a blae color with the starch. 



PLUKBI OXIDTTM KUBRUM. 
PltJHBUa OXYDATtm RUBKCM. MIXITK. 



Bed Oxide ^f Lead. Minivm. 



■1 



A heavy, orange-red powder, which het^omes dark when 
teated, but regains its original color on cooling. Healed npon 
charcoal, before the blow-pipe, it fuses, and is reduced to me- 
tallic globules. Warm diluted nitric or acetic at-id wili di»- 
Bolve red oxide of lead only partially, leaving a brown residue, 
which is soluble, however, upon the addition of a little oxalic 
acid or sugar. A slight remaining turbidity, of a whitish as- 
pect, is due to silicic acid, with which red oxide of lead is gen? 
erally more or less contaminated; any insoluble red or brown 
residue, however, would indicate impurities. 

The impurities and admixtures which red oxide of lead is 
liable to contain, and the methods of detecting them, are the 
same as mentioned and described under litharge, on the pr&> 
ceding page. 




POTASSIUM. 285 



POTASSIUM SEU KALIUM ACETICUM. 
Acetate of Potaeeium. Potaeeium Acetate, 

A snow-white, very deliquescent salt, of a foliaeeons or 
fibrous satiny appearance, unctuous to the touch, and of a 
warm, pungent, saline taste ; it fuses at about 280^ C, and 
is decomposed at a higher temperature, leaving behind a mix- 
ture of carbon and potassium carbonate. 

Potassium acetate is soluble in its own weight of cold water, 
in 4 parts of alcohol, and in 3 parts of glycerin ; its dilute aque- 
ous solution assumes a deep red color with one or two drops 
of solution of ferric chloride, and renders a white granular pre- 
cipitate with solution of sodium bitartrate or of tartaric acid. 
Potassium acetate disengages the vapor of acetic acid with con- 
centrated sulphuric acid, and the vapor of acetic ether when 
heated with a mixture consisting of equal parts of alcohol and 
sulphuric acid. 

Examination: 

Metals are detected in the aqueous solution by a dark 
coloration or precipitate with hydrosulphuric acid ; if such 
reaction takes place, the solution of the salt may be acidulated 
with a few drops of hydrochloric acid, and tested with potas- 
sium ferrocyanide ; copper will be indicated by a reddish 
coloration, iron by a blue one. 

TartnUes^ sulphateSy and chlorides^ are indicated by the 
occurrence of a turbidity when a concentrated aqueous solution 
of the salt is dropped into strong or absolute alcohol ; the latter 
two are also recognized in the diluted solution, acidulated with 
nitric acid, by white precipitates when tested in separate por- 
tions with argentic nitrate and barium nitrate respectively. 

For Vdunidric Estimation^ see page 58. 
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POIASSH BIC&KBONAB, 



KALIUM BICABBO.VICUM. 



m 



Sioarbonate of Potaaium. Potasiiam Biearhonate. 

Transparent, colorless crvatals, baving the form of irregu- 
lar eight-sided prisms with two-sided summits; they arc per- 
manent in tlie air, but, when exposed to a red heat, thoy lose 
30.7 per cent, of their weif^lit, comprising lialf their quantity 
of carbonic aeid and the wliole (6 molecnles, or 9 per cent.) 
of tlieir water, and return to the stale of carljonate. 

PotaBsiuin bicarbonate dissolves in 4 to 5 parts 'of cold 
water, forming a slightly alkaline solution which eflervesees 
with acids and evolves earltonic-acid gas when heated to boil- 
ing; it gives a white granular precipitate with excess of tar- 
taric acid, but no precipitate with magnesium sulphate 'nu less 
when heated. It is almost insoluble in alcohol. 

One drachm of potassium bicarbonate requires for 
saturation 42 grains of citric, or 45 grains of tartaric, acid. 

For Volumetric Estimation, sen page 53. 

Examination: 

Carbonate may be detected in the cold aqueous solution by 
means of magnesium sulphate, and in another portion by mer- 
curic chloride; a white precipitate with the first reagent, aoln- 
blo upon addition of ammonium chloride, and a brick-red one 
with the second, would indicate carbonate. 

Other Impurities. — The aqueous solution is slightly ova^ 
saturated with diluted nitric acid ; a white turbidity, occurring 
immediately or after a while, would indicate iilioateg ^ the 
solution, if necessary, is filtered, and tested in separate portions 
with argentic nitrate for chloride, and with barium nitrate for 
sulpluite ; a white turbidity with argentic nitrate, gradually 
turning dark, would indicate ^tewmi/m Ay/iosw^pA/te/ in this 
case, as a confirmatory test, 10 grains of the potassium bicarbo- 
nate may be dissolved in one drachm of water, and the solution 
slightly over-saturated witli acetic acid; then a few drops of 
mucilage of starch, and subsequently of solution of iodinized 
potassium iodide, are added drop by drop ; the first drops of 
the latter reagent ahould at once produce the blue reaction, 
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which will not take place immediately if potassium hyposul- 
phite be present in the salt. 

Metals are detected by testing two portions of the solution 
of potassium bicarbonate, one of which is over-saturated by 
means of acetic acid, with hydrosulphuric acid : a dark reaction 
in either instance would indicate the presence of metallic im- 
purities ; if hyposulphite be present, a white turbidity will 
take place in the acid solution. 



/ 



POTAflSn BZOHBOMAS. 

POTASSIUM SEU KALIUM BICHROMICUM. KALIUM CHROMICUM 

RUBRUM. 

Bichromate of Potassium, Potassium Bichromate, 

Large, transparent, orange-red, four-sided, tabular crystals, 
anhydrous and permanent in the air ; exposed to heat, they 
fuse below redness, and are decomposed at a red heat with the 
evolution of oxygen, leaving a residue consistmg of green 
chromic oxide and yellow potassium chromate; these may be 
separated by dissolving the latter in water. 

Potassium bichromate is soluble in 10 parts of cold, and in 
2^ parts of boiling, water, yielding an intensely orange-yellow 
solution, with a cooling, bitter taste, and an acid reaction ; the 
solution becomes lemon-yellow with the alkaline hydrates and 
carbonates, and green or almost colorless, with the formation 
of a brown precipitate, when heated with reducing agents ; it 
forms insoluble colored bichromates and chromates with the 
solutions of most metallic salts. "When heated with concen- 
trated hydrochloric or sulphuric acid and a little alcohol, a 
vehement reduction takes place, and the liquid acquires a deep 
green color. A concentrated solution of the salt gives a white, 
granular precipitate with a concentrated solution of sodium 
bi tartrate. 

Examination : 

Sulphate may be detected by heating to boiling a mixture 
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of tlie aqueous eolittion with an equal voluiue of concentrated 
liydrocliloric iicid and a few drops of alcohol ; when sub&equect- 
\y diluted witli water and tested with barium ciiloride, a white 
precipitate will ensue if sulphate be present. 

Chloride may be detected wlieii the aqneous Bolntion of the 
salt is mixed with about one-third of its volume of concentrated 
sulphuric acid, and when afterward a little alcohol ib added; 
the mixture will become green, with spoutaneoiia ebullition ; it 
is then heated, and sulisequcntly diluted with water, and tested- 
with Brgentic nitrate for chloride. 



\ 



POfASSH BITABTSAS. 



BttartraU of Potauium. Cream nf Tartar. Potauium BilartraU. 

White, semitransparent, hard, prismatic crystals, or Bg^re- 
gated groups of crystals, or a white, gritty powder, permanent 
in the air, and having a spec. grav. of 1.97, a sour taste and an 
acid reaction. When exposed to heat, in a porcelain crucible, 
potassiuni bitarttate is decomposed, with the evolution of empy- 
reumatic, inflammable vapors, leaving a black residue of carbon 
and pure potassium carbonate; this residue, when dissolved in 
a little water, gives a filtrate which eflervescea with acids, and 
forms a white, granular precipitate with an excess of tartaric 
acid. 

Potassium bitartrate is soluble in from 18 to 20 parts of 
boiling water, in about 200 parts of water of 15° C, and in 250 
parts of water of 10° C. ; it is insoluble in alcohol, but dis- 
solves wholly in hydrochloric acid, in dilute solutions of the 
alkaline hydrates and carbonates, of boracic acid, and of sodi- 
um bi borate. 

Examination : 

InjiotiiJih admixtures (like terra alba, and similar crude 
adulterations) are indicated by a residue leti when small earn- 
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pies of the powder are dissolved separately in warm, dilated 
liquor potassse, and in dilate hydrochloric acid. 

Stdphates and chlorides are detected by agitating about one 
drachm of the salt in one ounce of warm water, and by testing 
portions of the clear liquid, when cool, and after the addition 
of a few drops of nitric acid, with barium nitrate for sulphates, 
and with argentic nitrate for chlorides. 

Alum. — ^An adulteration of powdered cream of tartar with 
alum is at once indicated by a greater solubility of the salt in 
water, by its intumescence upon incineration, and by the in- 
complete solubility of the fused residue in water, as also by the 
odor of ammonia, and the production of white fumes from a 
glass rod, moistened with acetic acid, when the powder is heated 
in liquor potassse, and by the formation of a white precipitate, 
when a few drops of this alkaline solution are allowed to fall 
into a dilate solution of .ammonium chloride. 

Metals may be detected in the rest of the solution of the 
preceding test, by hydrosulphuric acid. 

Calcium and iron salts are detected when about 10 grains 
of the salt are dissolved in one ounce of aqua ammonise, by test- 
ing the solution, in two portions, with oxalic acid and with 
ammonium sulphydrate ; a white precipitate with the former 
will indicate salts of calcium, and a dark coloration or turbid* 
ity with the latter reagent, iron. 

The presence of calcium salts in potassium bitartrate, if it 
be free from aluminium salts, may be confirmed by dissolving 
five grains of the potassium bitartrate, with five grains of crys- 
tallized sodium carbonate, in about four drachms of boiling 
water ; a complete and clear solution must take place, as a re- 
maining white turbidity would prove the presence of calcium 
salts. 

Iron salts may be confirmed, in a hydrochloric-acid solution 
of the salt, by a blue reaction with potassium ferrocyanide. 

For Volumetric EstimMion^ see page 58. 

19 
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POTASSH BSOMIDUK. 

FOTABSICU SEC EALICU BROUATtTU. 

Bromide of Potattiutn. Potamum Bromide. 

AnhydroBB, colorless, semi transparent, cubical crystal^ 
Bometimes elongated into prigms, or flattened to plates, perra**. 
nent in the air, and oi'a epcc grav, of 2.415 ; when exposed to 
heat, thev decrepitate, and fuse at a little below a red lieat, 
withoat decoinpo§ition. When a few grains are triturated and 
subsequently beated, in a dry tube, with a little jwta&siuni bi- 
eulphate, yellowish-red vapors of bromine are evolved. 

Pota&eium bnimide is soluble in slM>ut three parts of cold, 
and in its own weight of boiliTig, water, but only sparingly in 
alcohol ; its aqueous solution has a strong saline taste, ia 
tral, and, when dropped into a very dilute solution of argcDtii 
nitrate, causes a yellowish- white curdy precipitate, which Is' 
insoluhle upon addition of nitric acid, but soluble in an exoees 
of ammonium hydrate (distinction from argentic iodide); when 
dropped into a very dilute solution of mercuric chloride, no 
reaction takes place (additional distinction from potaseinm 
iodide) ; it gives a white, granular precipitate with a saturated 
eolution of sodium bitartrate. 

Potassium bromide and its solution may also be dietin- 
guished from the iodide by adding to the solution a little 
mucilage of starch, and subsequently a few drops of chlorine- 
water ; the solution of bromide becomes light yellow ; that of 
iodide will at once assume a deep-blue color. 

Examination : 

Moieture which may be contained in the cryetala, as well 
as in tlie granular fonn of the salt, is recognized, and may be 
determined, by the loss of weight when the salt is dried at 
about 80° C. 

Potassiifm carbonate is detected by a white turbidity occur- 
ring upon the addition of a little of the concentrated solution 
of the salt to lime-water. 

Svlphatee may be detected, in the aqueous solution, 
lated with a few drops of diluted nitric acid, by a white 
tate with barium nitrate. 
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Potassium hromate is detected by a red color ensuing npon 
tlie addition of concentrated hydrochloric acid to the aqueous 
solution of the salt. 

Potassium and sodium chlorides are distinguished from po- 
tassium bromide, and may be recognized by adding some chlo- 
rine-water to the aqueous solution of the salt ; if this is bromide, 
the mixture assumes at once a yellow color, which, however* 
will be caused to disappear from the aqueous solution, and be 
completely taken up, by chloroform, ether, or carbon bisulphide, 
when agitated with the solution. None of these reactions will 
take place with potassium or sodium chloride. 

If an admixture of potassium chloride, or other salts, be sus- 
pected, the purity of the sample may be ascertained by preparing 
a solution of 10 grains of the dry, crystallized salt in one ounce 
of water, acidulated with a few drops of diluted nitric acid, and 
completely precipitating it with a solution of argentic nitrate ; 
the precipitate is collected upon a moist double filter, both be- 
ing of the same paper and the same size, is washed, dried, and, 
when completely dry, weighed, the one filter serving to coun- 
terpoise the other one, which contains the precipitate. If the 
salt was pure potassium bromide, the obtained argentic bro- 
mide should weigh 15.77 grains ; if it contained potassium or 
sodium chloride, the weight will be greater in proportion to 
the amount of those admixtures, since their molecular weights 
are higher; 10 grains of potassium chloride, for instance, would 
give 19.21 grains of argentic chloride. 

The same test may also be used to indicate the purity of the 
bromide, by ascertaining the quantity of argentic nitrate re- 
quired to precipitate completely a certain weight of potassium 
bromide, 10 grains of which require 14.3 grains of argentic 
nitrate for precipitation. 

An additional and sensible mode of detecting an admixture 
of chlorides is the following : One drachm of the potassium 
bromide is triturated with one drachm of potassium bichro- 
mate, the powder is introduced into a small flask, and six flnid- 
drachms of concentrated sulphuric acid are added. The mix- 
ture is then submitted to distillation at a gentle heat ; the de- 
livery-tube leads into about one fluidounce of aqua ammoniae 
fortior, contained in a test-tube which is kept cool in ice-water 
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(Fig. 80). Bromine distils over, and is dissolved b; the anuno- 
nium hydrate without color; but, if chlorides are preseot, 
chloro-bromic acid is produced, distils over, and forms yellow J 




ammoninm chromate, which imparta a yellowish color to t 
aqiia ammonice, and indicates the presence of chlorides. 
For Volumetric Estimation, see page G3. 



POTASBIt CABBONAS CSUDA. 

POTASSIUM SEU KAUIM CARBONICUU CRCDCM. ' 

Cruda Carbonate of Potaaium. Pearlath. 

White masses, or a coarse granular powder interminglel 
with smaller lumps, somewhat deliqacsceol, and of a bnmingi 
alkaline taate. Water extracts from pearlash the potaasinm 
carbonate and hydrate, and the soluble impurities, the greater 
part of the impurities remaining behind (sulphates, chlorides, I 
silicates, phosphates, and carbonates of potassinm, sodium, cal-l 
cium, and aluminium); the filtered solution effervesces with j 
acids, and renders a white, granular precipitate with an eicCM I 
of tartaric acid. 




The examination of pearlash consiata 
in the determiDation of the quantity of 
Bolnble alkaline carbonate and hydrate, 
or the available potassium oxide. 

Approximate Ertimation : 

Tliree and a half drachms of commer- 
cial pearlash, when eucceBsively exhausted 
with from four to six ounces of warm 
water, render a solution which must neu- 
tralize at least two drachma of sulphuric 
acid of 1.S43 spec. grav. 

Volnmetiio Estimation : 

Five grammes (77,170 graiuB) of the 
pearlash are completely exhausted with 
two or three fiuidounces of tepid water ; 
the solution is collected in a beaker-glass, 
k '^1 is colored blue with a lew droj^ of neutral 

litmuE-eolution, and heated to near boil- 
ing ; then osalic-aeid test-solution (page 
56) is carefully added from a burette (Fig. 
81), with constant stirring, until the blue 
tint begins to appear violet ; the liquid is 
heated once more to boiling, and, if ne- 
cessary, test-solution is once more added, 
drop by drop, until the violet tint appears 
again distinctly. The number of cubic 
centimetres of the test-solution used, 
r-" Bi. when multiplied by 0.472, gives at once 

the percentage of potassium oxide con- 
tained in the pearlash. 

When the quantity of carbonate has to be determined, thia 
may be done by testing 50 or 100 grains of the pearlash by 
■■ Hie method described on page 60. 
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POTASsn CABB0N&8 DEPUBATA. 

POTASSIDM SEO KALIUH CARUOSICUM DEPURATDM. 

Ptirifitd Carionata o/PotaMiam. Purpled PtarUuh. 

A coarse, granular, white, salt-powder, permanent in dr^jj 
deliquescent in moist air; heated in a flame, it commnnicatM| 
to it » violet color. Purified pearlash is soluble in nearly an 
equal weigbt of water, forming a strong alkaline solution 
which frequently appears slightly turbid, and deposits f^da- 
ally n flocculent or gelatinous sediment of silicic acid ; it is 
soluble in alcohol ; its aqueous solution is decomposed by acids 
with effervescence ; it gives a white precipitate with ai^ntio 
nitrate, and also with magnesium sulphate, and a white grana- 
lar one with an e.\cess of tartaric acid. 

Purified pearlash contains about 80 per cent, of potaani 
cariK'nate, and not more than 15 to 18 per cent, of water. 

For Volumetric Estimation, see page 58. 

'Examination : 

Potassium hydrate is indicated in the solution of the aalt, 
by a grayish or brownish precipitate, instead of a white oo«, 
with argentic nitrate ; it may be approximately estimated by 
agitating 100 grains of the dried salt with about half a flaid- 
onnce of absolute alcohol ; the mixture is then filtered, tbe 
residue upon the tilter washed with one fluid-drachm of alco- 
hol, and the entire filtrate evaporated to complete dryness in s 
tared porcelain capsule; the weight of the residue indicates 
the percentage of potassium hydrate. As an evidence of the 
absence of carbonate in the residue, one drop of acetic aoid 
maybe allowed to fall upon it; effervescence would indii 
carbonate. 

Foreign Salts. — 100 grains of the purified potaaaium csfb 
bonale are dissolved in two drachms of water in a teat-tnbej 
the solution should be complete and limpid, or nearly so ; it is 
diluted with an equal volume of water, filtered, and over-«attt^ 
rated with hydrochloric acid ; a gelatinous precipitate after a 
time would indicate silicic acid ; the liquid Is then filtered, 
and part of the filtrate over-saturated with aqua ammonitsj^' 
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a white turbidity would indicate aluminium salts; the other 
part of tlie filtrate is tested with barium chloride for sulphate, 

CMaride and phosphate may be detected in the diluted so- 
lution of the salt, over-saturated with nitric acid, by testing it 
in two portions, with argentic nitrate for chloride, and by 
over-saturation with aqua ammonise, and subsequent addition 
of ammoniated magnesium sulphate, for phosphate. 

Sulphite and hyposulphite are detected in the filtered solu- 
tion of the salt, slightly over-saturated with acetic acid, by add- 
ing a few drops of mucilage of starch, and subsequently two 
or tliree drops of diluted solution of iodinizcd potassium iodide ; 
the first drop of the latter solution should produce a blue reac- 
tion at once, which will not occur before the addition of several 
drops if the above impurities are contained in the salt. 

Sodium carbonate may be detected by a white, crystalline 
precipitate, occurring at once or after some time, when a hot 
diluted solution of the potassium carbonate is nearly neutral- 
ized with acetic acid, and subsequently tested with potassium 
antimoniate. 

Metallic impurities are detected in the filtered solution of 
the salt, by dividing it into two parts, one of which is over- 
saturated with hydrochloric acid ; both are then mixed with 
twice their volume of liydrosulphuric acid ; any immediate re- 
action in either of the fluids would indicate metals. 



POTASSn OABBOITAS FUBA. 

POTASSIUM SEU KALITJM OARBONICUM PURTTM. 

Pure Carbonate of PotoMium, Salt of Tartar. Potassium Carbonate. 

A white, deliquescent, granular powder, wholly soluble in 
an equal weight of water, forming a limpid alkaline liqaid, 
which effervesces with acids, and gives a white, crystalline pre- 
cipitate with an excess of tartaric acid. When exposed to a 
red heat, dry potassium carbonate loses about 16 per cent, of 



296 MANUAL OF CHEMICAL ANALYSIS. 

its weight. One drachm of the drj carbonate requires for 
saturation 55,88 grains of citric, and 54,78 grains of tartaric 
acid. 

For Volumetric Estimation, see page 58. 

Ezamioatioii : 

BicarhofuUe. — 3^ drachma of the carbonate are diesolved ht 
4 fluid-druchios of water, aided by dipping the teet-tube in 
liot water ; the fiolution should be clear and complete, and re- 
main so after cooling; the iseparation of a cr^'stalline deposit 
would indicate potassium bicarbonate. 

Purified pearlash. — Part of the obtained solution is slightly 
over-saturated with diluted nitric acid, and allowed to stand in 
a corked test-tube for several hours; an ensuing gelatin 
precipitate would indicate silieic acid ; the solution, after fl 
tering, if necessary, is then tested in separate portions, ' 
argentic nitrate for chloride, and with barium nitrate for » 
phate, which impurities would indicate the admixture or b 
stitution of purified pearlash. 

Metals. — Part of the solution is tested \vitb bjdroBulphm 




acid in two test-tubes, the one after over-sataration witJi < 
luted nitric acid. An ensuing dark coloration or predpitat 
in either of the fluids would indicate metals. 
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JPatassium nitrate. — The remainder of the concentrated so- 
lution of the Bait is over-saturated with diluted sulphuric acid ; 
the clear solution is decanted after a while, and divided into 
two parts, one of which is mixed with a little ferrous sulphate 
and then transferred, by means of a pipette, upon concentrated 
sulphuric acid in a test-tube (Fig. 82) ; an ensuing purple or 
brown coloration, at the junction of the two strata of the 
liquids, would indicate nitrate; the other part is tinged a 
faint blue with sulphuric-acid solution of indigo, and heated ; 
decoloration would confirm the presence of nitrate. 



POTABSn OHTiORAfl. 

POTASSIUM SEU EALIUM CHLORICUM. 
Chlorate qf Fotamvm. Fotamum Chlorate. 

Colorless, transparent, rhomboidal plates, of a pearly lus- 
tre, anhydrous, and permanent in the air, and of a spec. grav. 
of 2.35 ; when thrown upon burning charcoal *tliey defla- 
grate, as they also do more or less violently when triturated 
or heated with readily-combustible substances, as sulphur, car- 
bon, phosphorus, etc. Potassium chlorate fuses at 334° C, 
and afterward gives off oxygen, until at 352° C. it has parted 
with the whole of it (39.2 per cent, by weight), leaving behind 
potassium chloride (60.8 per cent.). "When a little sulphuric 
acid is dropped on the crystals of the chlorate, they become 
first yellow and then orange-red. 

Potassium chlorate dissolves in 16.7 parts of water at 15° 
C, in about 2]- parts of boiling water, and in 120 parts of al- 
cohol of 0.835 spec. grav. Its saturated aqueous solution has 
a cooling, saline, slightly acerb taste, and, when mixed with 
concentrated hydrochloric acid, produces a deep greenish-yel- 
low coloration, with the evolution of chlorine gas. When a 
few drops of a concentrated solution of potassium chlorate, and 
iubsequently a little concentrated sulphuric acid, are added to 
a little of a dilute solution of anilin sulphate, upon a watch- 
glass, the mixture assumes a brilliant deep-violet color. With 
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eotutioti of tartaric acid, ttie concentrated aolatioQ of potasai 
clikinile ;;ives a wlule granular precipitate. 

Ezamination : 

Potassium Nitrate. — A little of tlio powdered salt is beatad 
in a porcelain crucible to a full red lieat; the residuo, when 
cool, ie dissolved in a few drops of water, and the solntiou 
tested with turmeric-paper ; a brown discoloration of the paper 
would indicate an admixture of potassium nitrate. Ae n con* 
firinatorj test, a few drops of the solution of the residue may 
be added to a solution of mercuric chloride ; an ensuing 
precipitate will confirm the presence of nitrate. 

J*olaa»ium chloride and avijyhaie are detected in the aqua- 
oua solution, acidulated with a few drops of dilated nitric 
acid, by the occurrence of a white preoipitate, in the case of 
the former with argentic nitrate, of the latter with b^ma 
nitrate. 

Most commercial potassium chlorate occasions a slight tap>l 
bidit; with argentic nitrate. 



»n- 

nay I 

t.rin ' 



POTASSn STDSAS. 



h 



I grayis 

l^^l montu 



Pure Caiulie Potaih, Pgtatta. pBtaniwm Hydrate, 

A white, opaque, granular powder, containing, when com 
ptetely dry, 23 per cent, of water, or, when fused, white, seta] 
transparent plates or cylindrical sticks, of a fibrous fractan 
containing 16 per cent, of water of hydration ; exposed to thi 
air, the salt absorbs water and carbonic acid, and gradnallj'l 
deliquesces. It imparts a red color to the flame. 

Potassium hydrate dissolves in less than its own weij^ht o 
water, and also in alcohol, with the evolution of heat, and iM 
elightty soluble in ether; its solution has a soapy feel, a bun 
ing, corrosive taste, and a strong alkaline reaction ; it gives % 
grayish-brown precipitate with ai^entic nitrate, soluble in ain*l 
monium hydrate, and precipitates from their solutions moi 
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solution of tartaric acid, tlie concentrated solution of potaesJainl 
dilorute p;ives a wliite grauular iirecipitate. 

Examinatioa : 

Potassium N^itrate, — A little of the powdered salt is heated I 
ID a poreclaiu crucible tu a lull red heat; the refiidue, whenl 
cool, is dissolved in a few drops of water, and the solutioixj 
tested with turmeric-paper ; a brown discoloration of the papeq&fl 
wuuld indicate an admixture of potassiDm nitrate. As h ooqi 
iirmatory test, a few drops of the solution of the residue may^ 
be added to a solution of mercurio chloride; an ensuing red 
precipitate will contirm the presence of nitrate, 

Pottudum ohloride and sulp/mle are detected in the aque- 
ous solution, acidulated with n few drops of diluted nitri 
acid, by the occurrence of a white preoipitate, in the c 
the former with argentic nitrate, of the latter with bvitu 
nitrate. 

Most commercial potassium chlorate occasions a Blight toi^fl 
biditj with argentic nitrate. 



FOTASSn HTDBAS. 
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Pure Cauitie Potaih. Palaua. Polonium RydraU. 

A white, opaque, granular powder, containing, when cora-' 
pletely dry, 23 per cent, of water, or, when fused, white, sen 
transparent plates or cylindrical sticks, of a lihrous fracturei. 
containing 16 per cent, of water of hydration ; exposed to the' 
air, the salt absorbB water and carbonic acid, and gradually 
deliquesces. It imparts a red color to the flame. 

Fotassium hydrate dissolves in less than its own weight of 
water, and also in alcohol, with the evolution of heat, and it- 
slightly soluble in ether; its solution has a soapy feel, a bom' 
ing, corrosive taste, and a strong alkaline reaction ; it gives a 
grayish-brown precipitate with argentic nitrate, soluble in am- 
monium hydrate, and precipitates from their sotutioDS most 
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metallic oxides, Beveral of which are redissolved in an excess 
of the potassium hydrate ; it decomposes ammonium salts with 
the evolution of ammonia. 

For Volumetric JEatimation^ see page 58, 

Examination: 

Potassium hydrate must render a clear and complete solu- 
tion when about 10 grains of it are dissolved in one ounce of 
alcohol ; a residue would indicate foreign salts. * 

Carbonate may be detected when portions of a concentrated 
aqueous solution of the hydrate are dropped severally into acet- 
ic acid and into lime-water ; effervescence with the acid, and a 
white turbidity with the lime-water, would indicate carbonate. 

Nitrate is indicated by the disappearance of the blue color, 
on heating a little of the aqueous solution which has been 
mixed with an excess of diluted sulphuric acid, and tinted blue 
with one drop of sulphuric-acid indigo-solution. 

Chloride and stilphate are detected in the diluted solution, 
over-saturated with dilute nitric acid, by testing it in separate 
portions, with argentic nitrate for chloride, and with barium 
nitrate for sulphate. 

Aluminium salts and phosphoric acid may be detected in 
the diluted solution, by means of aqua ammoniaa, and after fil- 
tering, if a precipitate be formed, by subsequent addition of 
ammoniated magnesium sulphate ; a white, gelatinous precipi- 
tate with the ammonium hydrate would indicate aluminium 
salts, and a white, crystalline one with the latter reagent, 
occurring at once or after several hours, phosphoric acid. 

Metals are detected by a dark coloration or turbidity of 
the solution, when mixed with an excess of hydrosulphurio 
acid, and subsequently over-saturated with an acid. 



POTAflSn HYDRAS OBUDA. 
POTASSIUM SEU KAUUM HYDRICUM CRUDUH 

Crude Potcuh. 

Fused, heavy, compact masses, of a stony appearance, fract- 
ure, and hardness, of a soapy feel, burning, corrosive taste, and 
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adeatructire action on vegetable and animal matters; its color 
is mostly greenisli or brownkh gray; it is deliquescent, and 
rapidly absorbs water and carbonic acid. Heated to rednees, 
it fuses, but remains unchanged ; at a very high beat it ie vola- 
tile. 

Crude potash dissolves, for tlie most part, in water and in 
alcohol, with evolution of heat, leasing a more or less consid- 
erable residue of impurities; the decanted solution gives a 
grayish-brown precipitate with argentic nitrate, sohiblc upon 
addition of aqua ammonite. 

The insoluble impurities of crude potash consist chiefly of 
carbonates, sulphates, silicates, chlorides, and ferric and man* 
ganic oxides. 

Examination : 

In order to ascertain the nature of the impurities, one ounoa 
of the crude potash is triturated and dissolved in two ounces c^ 
tepid water, and the whole is allowed to subside in a conical 
glass measure ; two ounces of the clear solution are then mixed 
with four ounces of strong alcohol, and the mixture allowed to 
stand for several hours ; the solution is then decanted from the 
precipitate, as far as practicable, and the latter dissolved in 
hot water ; when cool, this solution is Ultered, and the insolu- 
ble residue washed with a little water, and preserved upon the 
filter for further examination. The obtained aqueous solution >, 
may be examined as follows : 

Carbonate and silicate are recognized, on dropping a littla 
of the solution into a test-tube containing a mixture of equal', 
parts of water and concentrated nitric acid ; the former will bo 
indicated by effervescence, the latter by a white, gelatinous tnK 
bidity, ensuing at once or after some hours. 

Stdphate and chloride may be detected, in separate portions 
of the solution, by over-saturating it with nitric acid, and sQb- 
sequently testing with barium nitrate for sulphate, and with 
ai^entic nitrate for chloride. 

Sulphite and hyposulphite are indicated by the occurrenotj 
of an insoluble residue, when a portion of the solution is pi 
cipitated with argentic nitrate, and the precipitate is redlBeolvi 
by ammonium hydrate. 

Nitrate is detected, in a portion of the solution, after tl 
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addition of an excesB of snlphnric acid and one drop of sulpliu- 
rio-acid solution of indigo ; the blue tint will disappear upon 
warming, if nitrate be present. 

PhasphaU may be detected by a white, crystalline precipi- 
tate, when the solution is mixed with an equal volume of aqua 
ammonise, and subsequently tested with magnesium sulphate. 

MetaUie impurities are recognized by a dark coloration or 
precipitate, when both the alcoholic solution and the aqueous 
solution of the residue from the alcoholic one are tested sepa- 
rately with hydrosulphuric acid, and subsequently by over-satu- 
ration with hydrochloric acid. 

The residue left behind from the solution in alcohol, and 
preserved upon the filter, is washed with a few drops of alco- 
hol, and then dissolved uppn the filter in so much diluted hy- 
drochloric acid as to render a neutral solution ; this is tested, 
in separate portions, with ammonium oxalate for calcium^ and 
with barium chloride and a few drops of hydrochloric acid for 
wlphate. 



POTASSIUM SEU KALIUM FERROCTANATUIL 

Ferroeyanide qf Potamunu Yellow PraniaU of Polonium, Potauium 

F&rroeyanide, 

Large, transparent, yellow, tabular crystals, derived from 
an octahedron with a square base ; they cleave with facility in 
a direction parallel to the base of the octahedron, have a pecul- 
iar toughness and flexibility, contain three molecules (12.76 
per cent.) of water of crystallization, and are permanent in the 
air. When moderately heated, they give off their water of 
crystallization, and are converted into a white powder, which 
is decomposed at a red heat, leaving a residue consisting of 
potassium cyanide, ferric oxide, and carbon. 

Potassium ferrocyanide is soluble in four parts of cold, and 
two parts of boiling, water, and insoluble in alcohol ; its solu- 
tion has a mild saline taste, gives a white, granular precipitate 
with a saturated solution of sodium bitartrate, and, when di- 
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luted, a blue one with ferric, a brick-red one with cupric, and 
a white one with ferrous and wltii plumbic salts ; it is not acted 
upon bv hydrosiilphuric acid, by tannic acid, nor by tlie alk^_ 
line hydrates and carbonates. 

Examiiiatioii '. 

Foreign, salts are indicated when the polassium ferrocyai 
idc does not yield a complete and clear solution with four p 
of water. 

Carbonate is indicated by effervescence of the conceiitrat« 
solution upon the admixture of acetic acid, or upon placing 
fragments of a crystal in diluted sulphuric acid, 

Sidphate is detected, in the diluted solution, acidulated wi^ 
nitric acid, by a white turbidity with barium nitrate. 

Chloride may be detected, wbea a mixture of 10 grains q 
the exsiccated salt with 30 grains of fused and powdered ammoi 
nium nitrate (free of chloride) is gradually introduced into i 
re<l-hot iron spoon, and heated to near redness ; when cool, t 
whole is dissolved in water, and the filtered solution over-«att)< 
rated with nitric acid, and tested with argentic nitrate, whiul 
will indicate diloHde by a white precipitate. 




POTASan lODIDUH. 

P0TA8SICU BEU KALIDM lODATCM. 

Iodide of Potamutn. PotoMium lodid*. 

Colorless, anhydrous, semitransparent or opaqne oi 
cubical or sometimes elongated in form, permanent in dry, bi 
sligbtly deliquescent in moist, air, and having a spec. grav. (rf, 
2.9. When exposed to lieat, potassium iodide decrepitates, snd 
fuses below a red heat ; on cooling, it solidifies into a crystal- 
line, pearly mass, without loss of weigbt, except humidity; at 
a full red beat, it is slowly volatilized, without decomposition. 
When a few grains of the salt are heated in concentrated snl- 
phnric acid, or, in a dry test-tube, with a litt'.e potassium 
pliate, violet-colored vapors of iodine are evolved ; and 
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a few grains are dissolved in a little chlorine-water, and this 
shaken with half its volume of chloroform or carbon bisulphide, 
these will acquire a purple or violet color. 

Potassium iodide dissolves in two-thirds of its weight of 
cold water, in 6J parts of alcohol, of 0.835 spec, grav., and in 
40 parts of absolute alcohol, forming solutions of an acrid, sa- 
line taste, and feeble alkaline reaction ; the aqueous solution 
gives, with an excess of tartaric acid, a white, granular precipi- 
tate ; with argentic nitrate, a yellowish one, which is insoluble 
in diluted nitric acid, and almost insoluble in ammonium hv- 
drate, but becomes white with the latter ; and a vermilion-red 
precipitate with mercuric chloride, soluble in an excess of either 
the solution or the reagent ; it gives a violet-blue color with a 
little mucilage of starch, upon subsequent addition of a few 
drops of chlorine-water (distinction from potassium bromide 
and chloride), and a white, crystalline precipitate with a satu- 
rated solution of sodium bitartrate. 

Examination ; 

WateTj which may be contained as interstitial moisture in 
the crystals, is recognized, and may be quantitatively deter- 
mined, by the loss of weight upon drying a known weight of 
the triturated salt at about 80** C. 

Impurities and Admixtures. — In order to obtain for ex- 
amination an average representation of the iodide, several 
ounces of smaller and larger crystals are selected from the bulk 
of the salt, and triturated to a granular powder, part of which 
may serve for the following tests : One drachm oi it is dissolved 
in one fluid-drachm of water ; the solution formed must be 
clear and complete, and remain so after the addition of 1^ 
fluidounce of strong or absolute alcohol ; an ensuing turbidity 
or crystalline deposit would indicate foreign salts (carbonate, 
sulphate, iodate, nitrate) ; if this precipitate is considerable, it 
may be collected upon a filter, washed with a few drops of alco- 
hol, and then dissolved in a few drops of warm water ; the 
obtained solution may be tested for carbonate with turmeric- 
paper, or by allowing one or two drops of it to fall into con- 
centrated hydrochloric acid ; a brown coloration of the paper, 
and effervescence with the acid, will indicate the presence of 
carbonate ; the rest of the solution is acidulated with a few 
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drops of hydrochloric acid, and tested for sulphate with one 
drop of barium chloride, and sulwequently, for nitrate, by tinge* 
ing it faintly with snlph uric-acid indigo-solution, and heating. ., 

Another method of at^cei-taining the presence of foreign mII 
in potasoiani iodide, without determining their natnre, consii 
in adding a solution of mercuric chloride to tho solution 
iodide, the salts being taken iu the proportion of four equii 
lents of potassium iodide to one equivalent of mercuric chloridi 
live grains of tlie former are dissolved in three ounces of wati 
in a beaker-glass ; a solution of two grains of the latter salt ii 
two ouiicoa of water is then gradually added, with conetai 
stirring, to the solution of the iodide ; if this be pure, its exi 
is just sufficient to redissolve all tho mercuric iodide formed 
if impure, a deficiency of iodide will give rise to the appearant 
of a permanent precipitate of mercuric iodide before the whole 
of the mercuric solution is added, and this result will take place 
the earlier, the lees iodide and the more impurities are cod- 
tained in the salt. 

Pottisslum iodate may be detected in the aqueous solntii 
of the Eftlt, by adding a few drops of mucilage of starch, am 
then a few drops of a concentrated solution of tartaric aci< 
insufficient to cause a precipitate ; if iodato be contained 
the salt, a violet coloration of the liquid will occur at onoek^ 
Or the aqueous solution, mixed with a few drops of concen' 
trated solution of tartaric acid, may he shaken with some chlo* 
roform, which will assume a red color when iodate is present. 

lodate may also be recognized in potassium iodide by 
drtippiiig a crystal of tartaric acid into a strong solution of 
the iodide in previously boiled, distilled water, and allowing it 
to remain at rest for several minutes; if iodate he present, thaj 
crystal will be enveloped afler that time in a yellowisli-whil 
zone. 

Carbonate may be detected by a white turbidity when the 
aqueous solution of the potassium iodide is mixed with twice 
its volume of lime-water. 

Sulphate may be detected in the dilnted solution of tl 
iodide, previously acidulated with hydrochloric acid, by a whil 
precipitate with barium chloride. 

Nitrate may be detected in the aqueous solution, if the 
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be free from iodate, by adding a little 6ulphiiric-acid inncilage 
of atarcli, and by immersing in the liquid a thin piece or rod of 
bright zinc ; if any nitrate be present, the liquid will gradually 
become blue, the coloration isi^uing from the zinc. 

Chloride and bromide are detected by carefully precipitat- 
ing, with argentic nitrate, a warm, diluted, aqueous Boliition of 
the salt ; a slight excess of aqua ammoniee is then added, and, 
after agitation, the mixture is liltered, and the filtrate over-eat- 
urated with nitric acid; since ammonium hydrate dissolvea 
only traces of ai^ntic iodjde, the transparency of the liquid 
must be not at all, or only slightly, impaired ; a white turbidi- 
ty, subsiding to a precipitate, would indicate bromide or chlo- 
ride.* In order to distinguish these, the precipitate is collected 
upon a filter and washed with a little water, unlil this ceapea 
to redden blue litmus-paper ; the filter is then pierced by a 
glass rod, and the precipitate rinsed into a test-tube ; after sul>- 
sideuce, the water is, as far as possible, decanted, and chlo- 
rine water added and agitated with the precipitate; since chlo- 
rine decomposes ai^entic bromide, dissolving the disengaged 
bromine with a yellow color, bromide will be recognized by a 
more or less deep yellow coloring of the fluid, wbile argentic 
chloride remains unchanged and without any action on cbto- 
rine-water. When chloroform or ether is then added to the 
fluid and agitated, it will absorb the bromine and the yellow 
color from the water. 

A confirmatory test for the recognition of bromide is, to 
add to a solution of the salt an excess of solution of cupric 
sulphate, and subsequently so much of a saturated solution of 
sulphurous acid as to impart its strong odor to the mixture; 
the whole is gently warmed, filtered, and heated to boiling, in 
order to expel the sulphurous acid ; when cold, it is re-filtered 
if necessary, and the filtrate shaken with half its volume of 
chloroform, which, af^er subsidence has taken place, will appear 
yellow if bromide is contained in the salt. 

■ Whfii a compsratively large qiinntitj of polaBgium iodale ia oonlaincd in (be 
iodide, irgontic iodile is also Ibrmed in this lest, tnd gives rife, upon ibc addition 
of ibe ullric add, to the fonnBtinn of n wlille, pramdar precipilBle, which, how- 
vitt, ii quite. difTermt in appearance from the mrtjy one of the irguntlu chloride or 
tvomide. 



A 



306 MANUAL OF CHEMICAL ANALTSI& 

A quantitative estimation of the puritj of potassium iodide 
may be made by completely precipitating with argentic nitrate 
a warm Bolution of 10 grains of the salt in about one ounce of 
water; al'ter (;ooling and subsidence, the supernatant menstm- 
ura is carefully decanted, so as to avoid any loss of the precipi- 
tate; one fluid-drachm of aqua ammonia, diluted with two 
drachma of water, is then added to the precipitate, and, after 
agitation for a few minutes, this latter is collected ii]M)n a tared, 
moist filter, is washed with a little water, and dried at a tem- 
perature not exceeding Sft" C If the potassium iodide was 
pure, 14.1 grains of arjrentlc iodide should be obtained. 

For Volumetric Estimatimif vee page 62. 
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FOTABSn NITAAS. 

POTABSItm 8EU KALILM NITRICUM. 
Jfitrate o/Potattium. Salpetre. Jiitre. Potauivm Nitrate. 

Long, striated, six-sided, prismatic crystals, with dihedral 
summits, colorless and transparent, and of a spec. grav. of 2.0; 
or a white, granular powder, permanent in the air. When 
thrown upon burning coals, it deflagrates with bright scintilla- 
tions, leaving an alkaline residue, which, when heated upon 
the looped end of a platinum wire, imparts a red color to the 
flame ; exposed to heat, it fuses below redness. 

Potaseium nitrate is soluble in water, 100 parts of which 
dissolve, at 0" C., 13.3 parts, at 18° C, 29 parts, and at 97° C, 
236 parts of the salt; it is far less soluble in glycerin, and 
almost insoluble in alcohol; its aqueous solution ia neutral, baa 
a cooling, saline taste, and forms a white, granular precipitate 
with concentrated solution of sodium bitartrate ; a few drops 
of it mixed with a solution of ferrous sulphate, and carefully 
placed upon concentrated sulphuric acid (Fig. 82, page 296), 
give rise to the formation of a dark coloration upon the line 
of contact between the two fluids. 
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Chloride and 9^dfphaie are detected in the dilated solution 
of the salt by white precipitates when acidulated with nitric 
acid, and tested in two separate portions, with argentic nitrate 
for chloride, and with barium nitrate for sulphate. 

Chlorate is indicated by a yellow coloration, and the evolu- 
tion of chlorine, when a concentrated solution of the potassium 
nitrate is mixed and gently warmed with an equal volume of 
concentrated hydrochloric acid. 

Calcium and nuignesium aaUa are detected by a white tur- 
bidity when the diluted solution is warmed with dilute solution 
of sodium carbonate; they may be distinguished by adding a 
little aqua ammonisB to the dilute solution of the salt, and test- 
ing it, in separate portions, with ammonium oxalate for calcium, 
and with sodium phosphate for magnesium. 

Sodium nitrale may be detected by a white, crystalline pre- 
cipitate, occurring either at once or after several hours, when a 
concentrated cold solution of the salt is tested with a few drops 
of solution of potassium antimoniate, and then allowed to stand 
for six hours. 

If potassium nitrate contains even a few pqr cent, of sodium 
nitrate, it will have a moist appearance, arising from the deli- 
quescent character of the latter salt. 



POTABSn PBBKANaAKAS. 

POTASSIUM SEU KALIUM PERMANGANICUM SEU HYPERMANGANICTJM. 
PermanganaU qf Potassium, Potassium Permanganate, 

Slender, prismatic, dark purple crystals, of a metallic lustre, 
and permanent in the air ; they decrepitate when thrown upon 
burning coals, or when suddenly heated, and detonate with a 
flame when triturated with equal parts of sulphur, and heated 
to 177** C. 

Potassium permanganate is soluble in 16 parts of cold, and 
S parts of boiling, water, forming a deep purple solution, which, 
when highly diluted, is lilac-colored ; it is insoluble in alcohol 
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and in chloroform ; its eolation liaa a sweet, astringent taste, is 
neutral, and becomea jellowiah brown when mixed and heated 
witlt idcuJiol. 

Since permanganic acid is readily reduced, the eolation of 
the salt is decomposed and decolorized by most oi^anic gab- 
stances, and bj inorganic reducing agents — e. g., snlpburoiU) 
hydrosulpliuric, and oxalic acids, and all metallic snbsalt^ Ft 
tassium permanganate is, tlieretbre, a powerful oxidizer, caM^ 
ing more or less violent reactions with many substances, mil 
the combtiBtioa of inflammable bodies. 



POTASaH BT SODU TABTBAa. 
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EoektlU Salt. Seignette Salt. Pota 



a and Sodium Tartrat*. 



b. 



Large, colorless, transparent, prismatic crystals, the faces 
of which are unequally developed, containing eight molecnles 
(29.86 per cent.) of water of crystallization, and being slightly 
efflorescent. The salt occurs in commerce generally ground, 
as a snow-wliite powder. When heated in a. porcelain capsule, it 
undergoes aqueouii fusion, the water evaporates, and the Bait is 
decomposed, with the evolution of inflammable vapors and the 
odor of caramel, while a black residue is left, which consists of 
a mixture of potassium and sodium carbonate:) with carbon, and 
which colors turmeric-pa]>er brown, and imparts a j'ellow color 
to the flame when heated npon the looped end of a platinum 
wire. 

Pota^^um and sodium tartrate is insoluble in alcohol, but 
soluble in 2 to 2J parts of cold, and in less than its own weight 
of iioiting, water; the solution is neutral, has a mild, cooling, 
saline taste, and forms a white, granular precipitate with aeids 
and with solutions of acidulous salts. 

For Volumetric Estimation, see page 58. 

Xzamination i 

Two drachms of the salt are dissolved in six drachms of 
water ; the solution should be clear and complete, and 
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so after cooling ; it Bhonld not act upon litmus-paper, nor effer- 
vesce upon addition of hydrochloric acid (evidence of the ab- 
sence of sodium carbonate or bicarbonate). 

Chloridea and stdp/uUea may be detected by a white precip- 
itate when the diluted solution of the salt, acidulated with 
nitric acid, is tested in two separate portions, with argentic ni- 
trate for the former, and with barium nitrate for the latter. In 
case the solution separates granular potassium bitartrate upon 
the addition of the acid, sufficient hot water is added to redis- 
Bolve the precipitate before adding the reagent. 

Calcium aaUs are detected in the diluted solution, by means 
of ammonium oxalate. 

Metallic impurities are detected in the concentrated solu- 
tion by hydrosulphuric acid, and subsequent addition of a little 
aqua ammonise. 

Oryaiallized potassium and sodium tartrate, being in ap- 
pearance somewhat similar to crystallized borax and alum, and 
therefore liable to incidental mistake, may readily be distin- 
guished from either of these substances, in addition to its 
physical characters, by its taste, by its neutral reaction — alum 
being sonr, borax alkaline, and by the black alkaline fuse 
upon incineration, while both borax and alum swell up to a 
porous mass, and yield a white or colorless fuse. 



POTASSIUM SEU KALIUM SULPHURIOUM. 
Sulphate of PoUunum, Potamum Sulphate, 

Hard, colorless, transparent, short, six-sided prisms, termi- 
nated by six-sided pyramids, or a white, granular powder, an- 
hydrous, and permanent in the air, and having a spec. grav. of 
2.66 ; when heated, the crystals decrepitate strongly ; the salt 
imparts a purple color to the flame. 

Potassium sulphate is soluble in about 12 parts of cold, and 
4 parts of boiling, water, but insoluble in alcohol ; the solution 
has a saline bitter taste, is neutral, and forms white precipitates 
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witli tartaric acid or aodlara bitartrate, aud with solutions ( 
salts of calcium, barium, or lead. 

Metatiic impuritiei are detected in the worm aqueous eoln^ 
tion, b_y ft dark coloration or turbidity, witb an escose of hydroj 
Bulpliuric acid, and sub8e<iuent acidulation with hvdrochlori 
acid. Potassium ferrocjanido should cause neither a bloi 
(iron) nor a reddish {copper) reaction in the slightly acidulated! 
BolutioD, 

Sodium sulphate is indicated byja greater degree of Boltb 
bilitv in cold wuter than that above stated; one drachm of I 
the powdered salt, when dissolved in one fliiiduunce of boilinfpj 
water, must, on cooling, give a crystalline deposit; otherwise ■ 
Bodium sulphate, or the admixture of more soluble salts, is ii^fl 
dicated ; in this case the diluted solution may be acidulatml'l 
with nitric acid, and tested by means of argentic nitrate fori 
chloride. 



poTAssn sTTXf sTTKennc. 



Sutphwret of Potaumm. Potauivm Sulphide. 

Solid, fused fragments, of a yellowish-brown color, wbeB 
freshly prepared or recently broken ; on exposure to the air 
they assnme a greenish appearance, and finally become of 
dirty white, in consequence of gradual decomposition by thi 
action of atmospheric moisture and oxygen, the sulphides 
ing successively converted, with the evolution of hydrogen' 
sulphide, into hyposulphite, sulphite, and ultimately salpbal 
When moistened with acids, potassium sulphide evolves hydrO'- 
gen sulphide. 

Potassium sulphide, which is usually a variable mixture of 
higher potassium sulphides witli hyposulphite, sulphite, and 
sulphate, and with nndecomposcd carbonate, dissolves 
4 parts of water, and also in alcohol, leaving behind 
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latter ease the oxygen salts ; these solutioDS have an orange- 
yellow color, a nauseous, alkaline, bitter taste, and the odor of 
hydrosulphuric acid, which is abundantly evolved, with the 
separation of sulphur, upon the addition of acids ; they pre- 
cipitate metallic sulphides irom the solutions of most of the 
metallic salts. 



POTASSIUM SEU KALIUM TARTARIOUM. 
Tartrate of Potamium, Potaaium Tartrate, 

Colorless, semi-transparent, irregular, six-sided prisms, with 
dihedral summits, or a white, granular powder, slightly deli- 
quescent. When heated in a dry test-tube, potassium tartrate 
melts, swells up, .and is decomposed with the evolution of em- 
pyreumatic vapors, leaving behind a mixture of carbon and 
potassium carbonate, which effervesces with acids, and imparts 
a red color to the flame. 

Potassium tartrate is soluble in a little less than its own 
weight of cold, and in half its weight of boiling, water, yield- 
ing a neutral solution, of a mild saline taste; it is but sparing- 
ly soluble in alcohol ; its aqueous solution is decomposed by 
most acids and acidulous salts, forming, if not too dilute, a 
white, granular deposit of bitartrate. 

For Volumetric Estimation^ see page 58. 

Szamination : 

Potassium a/nd Sodium Tartrate. — One drachm of the salt 
is shaken with 1^ drachm of cold water ; a clear and complete 
solution must take place, an incomplete solution may indicate 
an admixture of Rochelle salts. This may be ascertained by 
reducing about one drachm of the potassium tartrate, by igni- 
tion in a porcelain crucible, to carbonate, and then testing the 
filtered solution of the residue by mixing it with an equal vol- 
ume of solution of potassium antimoniate r, the occurrence of 
a white, crystalline deposit, at once or after several hours' stand- 
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ing, would prore an adalteration with polaBsium and 9odii 
tartrate. 

litcarhonate, carbonate, and bitartrate, are recognized in the 
Bolntion of tbe salt, tlie two former by a white precipitate with 
calcium cliloride in the cold, and by an alkaline reaction upon, 
turnieriopaper ; the last by an acid reaction upon blue litmus-' 
paper. 

Sulphate and chloride maj be detected in the dilute eolith 
tion of the Bait, when it id slightly acidulated with diluted nU' 
trie acid, and then tested, in eeparate portions, with ar^nttc 
nitrate for chloride, and with barium nitrate for sulphate. 

Metallic impurities are recoj^nized by mixing a concentrated 
Bolution of the salt with two or three tiroes its volume of hy- 
drosulphuric acid, and by subsequent acidulation with acetio 
acid. Should a white, granular deposit of potassium bitartral 
occur, the liquid is diluted with boiling water, or is warmed 
aB to rediseolve the precipitate. Any reaction with the hydrO^ 
sulphuric acid, before or after ucidulatiuu, would indicate 
tallic impurities. 



I 



I 



CHININUM. CHINIUH. 
Quinins, Qainia. 

A white, granular powder, or small, needle-Iike crysta 
containing 14.28 per cent, of water of crystallization ; \ 
nent in tbe air ; when heated, quinia fuses at about 196* C, 
upon cooling solidifies into a resin-like mass, yellow, trandtlt 
cent, and friable ; at a higher temperature it is wholly diH 
pated. 

Quinia dissolves in about 1,200 parta of cold, and 250 pari 
of boiling, water, and in about 2 parte of boiling alcoliol, am 
in 60 parts of ether ; * it is also soluble in clilorofonn, and i 
benzol ; its solutions have a bitter taste, and a feeble alkaliDO 

* Thp Bolubililj of qiilnik in cthcr differs ifcording to Ihc CDrin o( the k1k»Md : 
ll rcquirrs iibout SO pirU when in iLe cr;gUi11izi?<l nUte. bat only about half tlMI 
qukDtitT wbea it U imorphous ; for iuatsncp, when one grain of iguini 
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reaction, and neutralize acids. Qiiinia is treely solnblo in di- 
luted acids; these solutions exhibit an azure-blue fluorescence, 
cau^d by a change of the refrangibility of the invisible chem- 
ical rays. Concentrated sulpiiuric and nitric acids dissolve 
qi]iiiia without color. 

Solutions of qninia and its salts are precipitated by the al- 
kaline hydrates, carhunates, and biearbonates, by calclnin hy- 
drate, by tannic and picric acid, by potassium ferrocyanide, 
and by potassin-mercuric iodide. The precipitates with cal- 
cium, potassium, sodium, and ammonium hydrates, are redia- 
Bolved by a great excess of the precijiitant. 

Solutions of quinia and its salts render an emerald-green 
solution when dissolved in, or mixed with, chlorine- water, and 
at^erwnrd with an excess of aqua ammoniee ; the groeri color 
passes into purple upon the subsequent addition of potassium 
ferrocyanide; this characteristic reaction is most strikingly 
exhibited when, to the solution of quinia in chlorine- water, the 
Bolntion of potassium ferrocyanide is first added, and subse- 
quently the aqua ammoniaa. 

When a soliltion of quinia or its salts in acidulated water 
is precipitated with ammonium hydrate, and the turbid mix- 
ture is then divided into three portions in as many test-tubes, 
and these shaken severally with a little ether, chloroform, and 
benzol, the precipitate will be dissolved, and the liquids subside 
into two clear, colorless strata in each test-tube. 

Estimation of the Alkaloids in Cinchona-Barks : 
The therapeutical value of the cinchona-barks is due to the 
alkaloids contained in the bark, and of which the principal ones 
are quinia, quinldia, cinchonia, and ciiichonidia. The esti- 
mation of the commercial value, therefore, depends upon the 
determination of the quantity of these alkaloids, and in partic- 
ular of the first one. in a known weight of the hark ; and, from 
among the numerous methods employed for this purpose, the 
following ones are simple and oxpeditioue : 

1* diuolred Id about IS drops of acidulated water, and eabsequenltj precipitated 
«ith ki|UB aiDmonis, 10 grwna of ether suffice to redisEolTG the allialoi J ; while at 
leMt 85 grains of otbdr will be required for nolution, wlien the preotpltate is allowed 
to aland for 21 houn, uid bcoomc cryMklllne, previou* to the addiUon of the ethw. 



I 



^ 

* 



SJ4 mancal of chehical akaltsis. 

I. From a large namber of pieces of the bark, email tng' 
ments are cut and reduced to a tine jwwder, so as to represent 
as nearly ae possible tbe average of tLe bark to be examined ; 10 
drachma of the powder are mixed with an equal balk of coarse- 
Ij'-powdered qaartz or glass, and tlie mixture introduced into » 
comparatively narrow glaea percolatar, whose lower end is 
drawn into a point, and loosely closed with some cotton ; tba 
powder is covered with a layer of glass or qaartz, and, when 
the [lereolator is placed in a perpendicular position, water, acidu- 
lated with about one per cent, of concentrated snlphuric acid, ift 
introduced nntil it has penetrated tbe column and commences 
to drop out, then the upper orifice is corked, and the wliole 
allowed to stand for several honre, when the cork is removed, 
and the percolation with the acidulated water is continued, un- 
til a tew drops of the menstrnan), received in a test-tube, cease 
to have a bitter taste, or to become tnrbid on addition of aqua 
amuioniee. When this point is reached, and the bark com- 
plet«ly exhausted, the entire liqnid is poured into a porcelain 
dioh, and three drachms of powdered, calcined marble are add- 
ed, and tbe mixture evaporated to dryness oh a water-bath. 
The dry residue is triturated, and introduced into a flask, and 
repeatedly and completely extracted with strong alcohol. Tbe 
filtered alcoholic solution is evaporated in a small, tared bcaker- 
glaas at a gentle heat, and, when dry, the beaker is allowed to 
stand for several honrs at a temperature near 80° C. ; it is 
finally weighed, and, when the tare is subtracted, llie difference 
answers approximately to the qnantity of cinchona alkaloid! 
contained in the 10 drachms of the bark. 

When a quantitative determination of the quinia, quinidift, 
and cinchonia is desired, the alkaloids contained in the beaker 
are cjihausted with ether, which dissolves the two former, aad 
leaves the latter behind. The ethereal solntio!: is then mixed 
with a little alcohol, acidulated with hydrochloric acid, and 
completely precipitated with platinic chloride; the ensaing 
precipitate of quinia- and qutnidia-platinio chloride is o(^ 
lected upon a double filter, both of the same paper and size, is 
washed with alcohol, dried at 80° C, and then weighed ; the 
second filter serving as the tare of the one containing the pre- 
cipitate. The weight of the platinic precipitate is divided 
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2.274, and the quotient gives the quantity of quinia and quin- 
idia contained in 10 drachms of the cinchona-bark. 

The residue remaining undissolved in ether is dissolved in 
some aleolioly one drop of hydrochloric acid is added, and it is 
then completely precipitated with platinic chloride ; the pre- 
cipitate of cinchonia-platinic chloride is washed upon a double 
filter with alcohol, is dried at 80° C, and weighed as the pre- 
ceding one. The weight is divided by 2.34, the quotient gives 
the quantity of the cinchonia contained in 10 drachms of the 
dnchona-bark. 

The platinum may be recovered by igniting the precipitates 
in an open crucible of platinum or porcelain. 

II. The British Pharmacopoeia gives the following process 
for the estimation of the quinia in cinchona-barks : 

" Boil 100 grains of the bark, reduced to a fine powder, for 
a quarter of an hour in a fluidounce of distilled water, acidu- 
lated with 10 drops of hydrochloric acid, and allow it to ma- 
cerate for 24 hours. Transfer the whole to a small percolator, 
and, after the fluid has ceased to drop, add at intervals about 
an ounce and a half of similarly acidulated water, or until the 
fluid which passes through is free from color. Add to the per- 
colated fluid, solution of plumbic subacetate, until nearly the 
whole of the coloring-matter has been removed, taking care 
that the fluid remains acid in reaction. Filter, and wash with 
a little distilled water. To the filtrate add about 35 grains of 
potassium hydrate, or as much as will cause the precipitate, 
which is at first formed, to be nearly redissolved, and after- 
ward 6 fluid-drachms of ether. Then shake briskly, and, hav- 
ing removed the ether, repeat the process twice with 3 fluid- 
drachms of ether, or until a drop of the ether employed leaves, 
on evaporation, scarcely any perceptible residue. Lastly, 
evaporate the mixed ethereal solutions in a capsule. The resi- 
due, which consists of nearly pure quinia, when dry, should 
weigh not less than two grains (2 per cent.), and should be 
readily soluble in diluted sulphuric acid." 

III. Another method * is the following : 

* This method, suggested bj P. Oarles, in 1869, diflfers from similar ones mainly 
bj the employment of chloroform for exhaustion, instead of ethylic or amjlic alco- 
hol, of ether, or of bemol, and by the separation of the quinia sulphate from a solo* 



816 



MANUAL OF CHEMICAI. ASALYSia 



» 



One tboQsantl graioB of a good average sample of the pow- 
dered and dried liark are intimately mixed with from 300 to 
UK' grains of slacked lime, mixeil witli about 1,750 grains of 
water, and the pasty mixture of the bark and lime dried at a 
gentle beat ; the cake^ thus foniied are rednced to a coarse 
powder, and pressed into a small percolator, with stop-covk 
and glass stopper ; chloroform is then gradually poured on the 
contents until they are moistened ihrougbout ; sto(>-cock and 
glass stopper being closed, the whole is allowed to stand for 13 
hours, when the bark is completely exhausted by successive 
Blow percolation with chloroform. About 7,000 grains of chlo- 
roform will be required for the exhaustion of the burk, which 
may be ascertained by evaporating a few drops of the last per- 
colate upon a watch-glass, and by dissolving the residue with 
a few drops of chlorine-water and one drop of diluted hydro- 
chloric acid, and by adding the solution to a little aqua au-v. 
monis in a small test-tube. 

The bark is exhausted when the occurrence of a greenish 
coloration with this test ceases. When this is the case, the 
chloroform is displaced by water poured upon the percolator, 
and, as soon as chloroform ceases to drop off, the entire perco- 
late is evaporated upon a water-bath, until a dry residue is left 
If desired to save the chloroform, especially when the test ia 
performed on a larger scale, it may be distilled off in a small 
retort with a Liebig cooler, from a water-bath : the distillation 
should not, however, be carried on to dryness, but the remain- 
der of the fluid is to be evaporated to dryness in a porcelain 
capsule. The residue consists of the alkaloids mixed with about 
their own weight of resinous and such other matters of the 
bark as are soluble in chloroform; it is treated several times 
with so mncb cold diluted sulphuric acid (1 part concentrated 
acid to 10 parts of water) as is required for solution of the alka- 
loids ; about 500 to flOO fluid-grains of the dilated acid will be 
sufficient. The solution is passed through a small filter, preri- 
onsly moistened, and this is washed with a little cold water j the 
colorless filtrate is heated in a fl:tsk to near boiling, and, when 

lion of *mmnnium sulphite, whtrcin 1l is ssid lo be InFoliible^ It tiu the ■dvutlAge 
of iMin^ vlmple in apertt<on, uid of occ>.<iioDiD(; ihe leut lou. tod giTJog lh« ' 
field ofquinia, with an aliuoet complete eiclu^iou of dnchoi^k. 
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hot, so much aqna ammoniaB is added as nearly to neutralize 
the acid solution. This is then allowed to cool slowly. As 
quinia sulphate is insoluble in solution of ammonium sulphate, 
all the quinia sulphate will deposit in a crystalline crust, to- 
gether, probably, with a part of the quinidia sulphate ; the men- 
struum is then poured off into another beaker, and the crystal- 
line mass broken and washed with a few drops of cold water, 
either in the beaker or upon a tared filter, after which it is 
dried at about 80** 0. 

If the mother-liquor is found to be very acid, it has to be 
neutralized with aqua ammonias, and once more allowed to 
stand and cool for crystallization ; if this has taken place, the 
crystals are collected upon a tared filter, washed with cold 
water, and also dried. 

The entire yield of dried crystals is then weighed, and the 
number of grains, after having added 11 per cent, to make up 
for the water of crystallization, contained in quinia sulphate, 
and lost on drying, when divided by 10, gives at once the per- 
centage of quinia sulphate obtainable from the cinchona-bark. 

IV. An adequate and perhaps the most reliable method 
for the estimation of the value of commercial cinchona-bark, 
designed for the manufacture of Quiniee Sulphas, is the prep- 
aration of quinia sulphate on a small scale by the process of 
the U. S. Pharmacopoeia : 

Twelve ounces of the bark, in coarse powder, are thoroughly 
mixed with 4 pints of water and half an ounce of hydrochloric 
acid of 1.160 spec. grav. ; the mixture is allowed to macerate 
for twelve hours, and is then gently boiled in a porcelain cap- 
sule for about one hour ; it is then strained through muslin, and 
the residue is boiled twice successively, with half of a mixture 
consisting of 3 pints of water and 3 drachms of hydrochloric 
acid, and strained ; the powder is finally submitted in the mus- 
lin to a gentle pressure, and this is repeated again after it has 
been moistened with about 6 ounces of boiling water. The 
obtained liquids are mixed in a porcelain capsule, and heated ; 
now, while hot, a mixture of 10 drachms of lime, previously 
slacked with 8 ounces of water, is gradually added, with con- 
stant stirring with a glass rod, until the solution of the lime, and 
the corresponding formation of a precipitate of quinia^ cease, or 
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tmti) tlie liqaid tarns tnTToeric-paper broim. Tbe precipitate ia 
collectec) npnn a filter, mD<! wubed with diMilled w&ter, until this 
eeaeea to cause a tnrbiditr, irbtQ a Tew drupe ar« aJluwed to 
fall into a Eolotion of argeatie nitrate, acidulated with nitric 
acid ; tiie precipitate is then dried, and, when detached from 
the filter, reduced to a fine powder, which is gacces^ivelr ex- 
hausted with decreafing quantities of boiling alcohol, separat- 
ing tbe alcohol Irom the precipitate bj det-antation, which op- 
enttion is repeated until the alcohol is no longer rend«vd bit- 
ter. The obtained alcoholic solutions are mixed, and are con- 
centrated to a B^rnpy consisteiice, either br evaporation or by 
distillation; the remainder is then transferred and rinsed into 
a flask, with 12 ounces of biHliug water ; it is then heated to 
boiling, and so mnch diluted eutpburic acid is added aa joet 
completeW to disaolre the quinia. Then half an ounce of 
common animal charcoal is added, or m) mnch as to leave the 
Uquid of a faintly acid reaction npon blue iitmns-paper ; after 
a lew minutes' gentle stirring, tlie inixtnre is filtered while hot, 
and the residue washed on the filter with a little boiling water; 
the entire filtrate is then set aside to crystallise. Tlie crysuU 
are sepnrated from tlie liquid, which is allowed to drop oft as 
mnch aa possible, and they are then dried in a porcelain cap- 
enle, covered with bibulous paper, at a heat not exceeding BO" 
C, taking care to avoid the efflorescence of the dry crystals, i 
The remuining liquid is evaporated at a boiling heat to nearlyj 
two-tliinls of its volume, and is then allowed to crystallixs^ 
again. These crystals are separated and dried as belbre. Tha 
mother-water may be tnaile to yield an additional ijnantity of 
qninia sulphate by precipitating the quinia with nqua ani- 
inoniie, and treating ti»e precipitited alkaloid as before with | 
proportionate quantities of distilled water, snlphnnc acid, and'l 
animal charcoal. 

The entire yield of qninia eulphnte, when dry, represents " 
the available quantity of the salt obtained from 12 otincee of 
the bark, which number has to be multiplied by 8,-33 in order 
to express the percentage value of the bark in qninia b 
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QJJINLM HYPBOOHTiOTl A fl. 

QUINIA MURIAS. GHIKDOJM SEU CHINIUM HYDROOHLORICUM SETT 

HTDROCHLORATUM. 

HydroehloraU of Quinia ^r Quinine, Quinia HydroeMaride. 

"White, silky needles, or a crystalline powder ; when ex- 
posed to beat, the salt fuses, and finally bums away without 
residue. Quinia hydrochloride is soluble in about 20 parts of 
cold water, in from two to three parts of alcohol, and only 
slightly in ether ; but it is freely soluble in acidulated water, 
and in diluted as well as in concentrated acids, without change 
of color ; its solutions are neutral, have a bitter taste, and 
yield an emerald-green coloration with chlorine-water, on sub- 
sequent addition of an excess of aqua ammonisa ; the green be- 
comes purple with potassium ferrocyanide ; the aqueous solu- 
tion, acidulated with nitric acid, yields a white, curdy precipi- 
tate with argentic nitrate, soluble in an excess of ammonium 
hydrate, and a white precipitate with aqua ammoniae, which, 
however, is dissolved by ether, alcohol, chloroform, or benzol, 
when added and agitated with the liquid. 

The examination of quinia hydrochloride for quality and 
purity is the same as that of quinia sulphate, as described on 
pages 321-324. 

In reference to the mode of its preparation, its aqueous so- 
lution needs, moreover, to be examined for contamination with 
quinia sulphate and with barium chloride, by acidulation with 
nitric acid, and subsequent testing in separate portions with 
barium nitrate for the former, and with diluted sulphuric acid 
for the latter. Either of these impurities, of course, excludes 
the presence of the other one, without impairing the solubility 
of the salt. 

In the application of the chemico-microscopic test (page 
323), the concentrated aqueous solution of the quinia hydro- 
chloride may be added to the solution of potassium sulpho- 
cyanide without the addition of acid. 
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Qunrxs suLPaAa. 

CHKDfTM SKC CHISItTM srLPHCRlCClL 
Sulphatt of Qfiittia or Quinine, Qainia Svlphatt, 

Fine, eilkj, ^igltlr flexible, eaow-white ueedles, interlaced^ 
among one another, or grouped in small, etarlike tofts; the 
crystals contain seven molecules of water of crrstultization, 
five of which (about 11 per cent, hy weight) evaporate, with k 
slight efflorescence of the ealt, when exposed to a warm and 
dry air; the remaining two molecules separate at about 116° 
C, the fusing-point of quinia sulphate, when it still retains 
one molecule uf water of constitution ; at a strouger heat, the 
fused salt assumes a deep red color, and finally, when heated in 
the open air, bums slowly and wholly away. 

Quinin snlphate is but eparingly M)luble in cold water, one 
part requiring 790 parts of cold, and 33 parts of boiling, wv 
ter ; it dissolves in 60 parts of alcohol, and ia also soluble In 
l>enzol, but only sparingly in ether and in chloroform. Oilate 
as well Rs strong acids will dissolve it freely, forming color- 
less, bitter solutions, which, when diluted, exhibit a blue flacK 
rescence. 

Solutions of quinia snlphate are precipitated by the alki 
line hydrates, carbonates, and bicarbonates, by lime-water, bj 
tannic and picric acids, by potassium ferrocyaiiide, and bjy 
potass io- mercuric iodide. The precipitates with calcium hw 
drate and with the alkaline hydrates are soluble in an abm 
dance of the precipitant. 

Like all quinia salts, quinia sulphate renders an emera]< 
green reaction when dissolved in, or when its solution is mixe4] 
with, chlorine- water, and afterward with an excess of aqua a?tt.j 
monite ; the green color passes into purple npon the subse* 
queiit addition of a few drops of solution of i)otassium ferro- 
cyanide, which reaction is especially striking when, to the eola- 
tion of the qninia sulphate in water, the solution of potassium 
ferrocyanide is tirat added, and snbsequontly the aqua ammo- 
nife. 

One hundred grains of quinia sulphate, dissolved 
acidulated with hydrochloric acid, yield, upon complete precipii 
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tation with barium chloride, a precipitate of harium Bulphate, 
which, when collected, washed, and dried upon a filter, and 
completely incinerated hj ignition, should weigh 26.6 grains. 

Examiiiatioii : 

Mineral ad mixtures are detected by a residue left after ig- 
niting a little of the salt upon platinum-foil, or after dissolving 
about five grains of the salt in four drachms of boititig alcohol. 

Ammonium salts are recognized by the odor of ammonia, 
and by the foniiation of white vapors from a glass rod moist- 
ened with acetic acid, when held in the orifice of the small 
test-tube, wherein a few grains of the quinia sulphate are heated 
with strong solution of potassium hydrate. 

Chlorides and Jiydrochlorldfs may be recognized in the di- 
lute solution of the salt in water, acidulated with nitric acid, 
by a white, curdy precipitate with argentic nitrate. 

Stearic acid may be detected in the above-described alco- 
holic solution, by adding an equal vulume of water ; the liquid 
becomes turbid, but, on warming it gently, by dippinj^ the test- 
tube in hot water, it becomes transparent again ; the appear- 
ance of an oily layer on the surface would indicate the above 
fatty acid. 

Salicin, sugar, and mannite, may 
be detected in the solution of the 
preceding test, if free from fatty sub- 
stances, by mixing it, in a porcelain 
capsnle, with about five grains of 
barium carbonate, and evaporating 
the whole to dryness with constant 
Ptirring ; the residue is triturated 
with a little water, and traiiFfcrrcd 
upon a moist filter ; the obtained 
filtrate is evaporated at a gentle 
heat, upon a watch-glass, and must 
leave no residue, or only a very 
email one ; if a residue remains, it 
is divided, and placed upon two _ 

watch-glasses, with one drop of wa- 
ter upon each, and is again dried up at a gentle heat; then, 
upon the one glass, a small drop of concentrated sulphuric acid 
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ia allowed to fall from a glass rod or from a Bmall pipette ( 
83) ; a red color will be produced if salidn \& present, a bl 
ODe if sugar; niaimite remains unchanged, and may be dd- 
tectcd on the second watch-glaas, by a few drops of alcohol, 
which dissolve the manniU, and leave it behind iu email, acivo- 
lar crvBtals upon spontaneous evaporation. 

Since quiuia Gulphate dissolves without apparent change 
in strong sulphuric acid, even when gently warmed, thi^ test 
may be directly applied for the detection of admixtures of 
BUf^ar, mannite, or fatty acids, which will produce a black 
coloration ; a red coloration might be indicative of the prcB- 
CDcc of salicin, but, since many other compoands prodnce ft 
similar reaction, the fotlowiug additional test may be em- 
ployed for salicin : 

Four grains of the quinia sulphate are dissolved, in a teet- 
tabe, in cue drachm of water and four drops of concentrated 
hydrocliloric acid ; the soltitiun ia boiled for a few minates, 
when, if salicin be present, a white turbidity caused by the 
formation of saliretin will take place. 

dnchonia, Cinchonidia, and Qulnidla. — These associate 
alkaloids of quiuia are distiuguisbed from the latter, and from 
each other, by the difference in their solubility in aqua ammo- 
niae and in ether. When freshly precipitated, quinidia requires 
fc>r re-solution from 10 to 11 times as mnch aqua ammonite as 
an equal quantity of quinia ; cinchonidia from 12 to 13 times as 
mnch ; while cinchonia ia not dissolved by a much larger pro- 
portion than is required by either of tbe other alkaloids, and, 
though, when mixed, in a very small proportion, with qniiiia, 
it is dissolved at tirst, it afterward separates on standing. 

With regard to tiieir solubility in ether, the alkaloids differ 
as follows : Thirty grains of quinia snlphate, when precipe 
tated with sodium carbonate, yield about 22 grains of alkaloid, 
which, if all quinia, would require for solution about fosr 
6uidounces of ether ; if all quinidia, about six fluidounces ; if 
all cinchonidia, about 10 fluidounces; and, if all cinchonUi 
aboat 40 fluidounces of ether, ■ 

Hereupon the three foUmoing tests are hosed : M 

1. Thirty and two-thirds grains (two grammes) of the quinift 
Bulpliate are mixed and agitated with live fluid-drachma (SO 
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cubic centimetres) of distilled water, at a temperature below 
15° C, and the mixture allowed to stand for half an hour, at a 
temperature not exceeding 15° C. ; it is then filtered, and 1^ 
fluid-drachm (five cubic centimetres) of the filtrate are placed 
.in a long, narrow test-tube, and If fiuid-drachm (seven cubic 
centimetres) of aqua ammoniea added, taking care that the two 
fluids do not mix ; the tube is then closed, with the finger or a 
cork, and gently reversed, without undue agitation, when the 
liquid should, after a while, become clear and transparent* 
Otherwise an unusual quantity of the above alkaloids is indi- 
cated. 

2. Ten grains of the quinia sulphate are agitated, in a 
narrow test-tube, with a mixture consisting of one drachm by 
weight of pure ether and 10 drops of aqua ammonias, and are 
then allowed to rest ; the liquid should, after a while, form two 
separate, colorless, and transparent layers, without any white 
or crystalline matter floating at the line of contact between the 
two strata ; such an appearance would also indicate the pres- 
ence of the above associate alkaloids of quinia. 

3. Ten grains of the quinia sulphate are dissolved, in a 
test-tube, in one fluid-drachm of distilled water, and 10 drops . 
or less of diluted sulphuric acid ; then 2^ fluid-drachms of 
ether, 3 drops of alcohol, and 40 drops of a solution of potas- 
sium hydrate (1 part to 12 parts of water) are added ; the test- 
tube is corked, agitated, and allowed to stand for 12 hours. 
When pure, the two fluid strata, and the line of their contact, 
will be clear and transparent ; but, if even traces of cinchonia 
and cinchonidia are present, they will be seen floating as a 
white cloud at the line of separation between the two strata; 
when cinchonidia is the only impurity, it will appear at the 
line of contact as an oily-like stratum, consisting, when magni- 
fied, of minute amorphous particles, while cinchonia appears 
cr^'stalline. 

Another and ready method of distinguishing the three 
principal associate alkaloids, in quinia suli)hate, is StoddarcPa 
chemico-microscopio test: Five grains of the quinia sulphate 
are dissolved in two drachms of distilled water, acidulated with 
four drops of diluted sulphuric acid ; of this solution, one small 
drop is placed upon the glass slip, and about half a drop of so- 
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lotion of potaasiom SQlpbot-j aoide ia pnt by its eide : both are 
then covered with one piece of thin glass, which will cause the 
drope to touch. At the line of jimction, an immediate precipi- 
tation takes place, and the crj-^tak of the different alkaloids 
may be recognized, under the microscope, at a magnifying. 
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power of abont 60 diameters. Tlie particles arrange them- 
selves into groups, quinia salt forming long, slender needles 
(Fig. 84), quinidia, radiate crystalline needles (Fig. 85), and cin- 
cl)onia, comparatively large prisma (Fig, 86). 



QiVUnX TAKHAS. 

CHISINPM SEU COIXICM TANNICUIC. 

Tantiate of Qtiinia or Quinine. Quinia TannaU. 

A yellowish-white, amorphoua powder, which, when heated. 

becomes brown, fuses, and is wholly dissipated ; it is only spar* 

ingly sohible in cold water, requiring 45-3 parts of it, but di*- J 

solves in 21 parts of boiling water; addition of acids increnses i 

the Bohibility to some extent; it is also soluble in alcohol; ittf j 

aqueous solution has an astringent, bitter taste, and a feebly . 

acid reaction ; it is precipitated by metallic salts, and becomes j 

black uixin the addition of a few drops of solution of ferrio 1 

chloride. When 10 grains of qainia tannate are mixed wit£ | 
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10 grains of zinc oxide and a little water, and the mixture al- 
lowed to stand for several hours, in a warm place, then agi- 
tated with about two fluid-drachms of alcohol, and after a 
while filtered, and the filtrate evaporated to dryness, at a gen- 
tle heat, in a beaker-glass, a residue is obtained, which, when 
dissolved in a little chlorine-water, forms a solution which ren- 
ders the characteristic emerald-green reactions of quinia with 
aqua ammonisB, passing to purple upon addition of potassium 
ferrocjanide. 

Examinatioii : 

Admixtures of tanfiio or ffolUc aoid^ &ugary mannite^ or 
dexlHn^ may be recognized by their ready solubility in cold 
water in comparison with that of quinia tannate. 

Starch is detected by a blue color, when one drop of iodin- 
ized solution of potassium iodide is added to a little of the 
quinia tannate shaken with some boiling water. 



atnUIiB VAT.TTOTANAS, 

CHININUM 8EU CHINIUM VALERIANICUM. 
Valerianate of Quinia or Quinine, Quinia Valerianate, 

Colorless, rhomboidal plates, of a pearly lustre and a faint 
odor of valerianic acid, permanent in the air ; they fuse at a 
low temperature, and are entirely dissipated at a stronger heat, 
emitting white, inflammable vapors. 

Quinia valerianate is soluble in six parts of cold, and one 
part of boiling, alcohol, in 110 parts of cold, and 40 parts of 
boiling, water, but only sparingly in ether ; diluted acids dis- 
solve it freely, and strong sulphuric acid does so without color, 
if heat is not applied ; it is also soluble in chlorine-water, form- 
ing a solution which renders the emerald-green reaction of 
quinia with ammonium hydrate. 

XzaminatioB : 

SUa/rio acid^ sugar^ and salioinj are detected by agitating 
some of the quinia valerianate with strong sulphuric acid, in a 
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teBt-tiibe ; a black coloration would indicate one or both of the 
two former ; a red one, salicin. In the case of a black reaction, a 
Bpecial test fur salicin has to be made ; a little of the Taleriao- 
ate is agitated with cold water, the filtrate is then evaponvteil ■ 
at a gentle heat, to a small bulk, and this is strongly actdo'- f 
lated with a few drops of concentrated lij-drochloric acid, anA I 
heated ; a white turbidity, taking place after a while, woald- j 
indicate salicin. 

Quinia hydrochloride and sulphate may be detected, in tbtt | 
filtered aqueous solution of the salt, acidulated with a few droptt J 
of nitric acid, by testing portions of it with argentic nitrate for \ 
the former, and with barium nitrate for the latter. They will 
be indicated by a white precipitate with the respective »■ 
ageut. 

Zinc Valerianate or Acetate. — The absence of these or aoy 
other mineral salts, not readily volatitlzable, may be ascertained 
by ex}>osing the salt to a. red heat, upon platinum-foil, whereby 
the oi^anic matter is completely dissipated, leaving metallic 
oxides or carbonates behind, if any be present ; if a reeidne re- 
mains which appears straw-yellow while hot and white when 
cold, it may be examined for zinc oxide by scraping it off care- 
fnlly, and dissolving it, in a test-tube, in a few drops of dilnted 
nitric acid ; the solution is then mixed with twice its hulk of 
hydroeulphuric acid ; if a precipitate is formed, it is collected 
upon a filter, and examined for the first group nf metallic ox- 
ides by the method described on pages 39 and 41 ; the filtrate 
is over-saturated with ammonium hydrate ; a white precipitate^ 
soluble in liquor potasses, would confirm the presence of 
oxide. 



ftUIN OIDUf DU. 

OHlNOIDINOIt. 

Quineidiiu, 

A brittle, resin-like mass, of a deep brown color, _ 
conchoidal &actnre, and a peculiar aromatic odor; it b»- 
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comes soft and toagh at a moderate temperature, and melts 
like a resin when warmed; it is almost insoluble in water, 
and only partly soluble in chloroform and in glycerin, but 
fireely soluble in diluted acids, in alcohol, and in ether, form- 
ing dark brown solutions, of an aromatic, bitter taste and odor; 
the alcoholic and ethereal solutions are precipitated by water, 
and the acid aqueous solution becomes green when first mixed 
with sufiScient chlorine-water to decolorize it, and subsequently 
with an excess of aqua ammoniea. 

Examinaticm : 

Chum-Resins. — ^About 10 grains of the triturated quinoidine 
are agitated, in a large test-tube, with half an ounce of water ; 
the mixture is then heated to boiling, with constant agitation ; 
when cool, the water must be nearly colorless, and remain so 
when about 10 grains of dry potassium hydrate are dissolved 
in the decanted water, and the whole heated ; if a brown col- 
oration takes place, in either of these tests, gum-resins (aloes) 
or other soluble admixtures (liquorice, glucose, dextrin, etc) 
are indicated. 

jResins may be detected in the quinoidine remaining undis- 
solved in the preceding test, by dissolving it, with the aid of 
heat, in about two drachms of diluted sulphuric acid ; a com- 
plete or almost complete solution must take place, otherwise 
an admixture of resins, insoluble in diluted acids, is indicated. 

As a confirmatory test for gum-resins, liquorice, glucose, 
etc., a few drops of the obtained solution may be allowed to 
fall into alcohol ; they must form a clear solution ; an ensuing 
turbidity would establish the presence of such admixtures. 

Copper may be sought for, in the sulphuric-acid solution of 
the preceding test, by diluting it with twice its volume of wa- 
ter, and immersing in it, for several hours, a perfectly clean 
and bright iron spatula or the blade of a knife ; if any copper 
be present, the iron will receive a slight coat of metallic cop- 
per. 

Mineral admixtures are indicated by a residue upon com- 
plete exhaustion of the quinoidine with alcohol, and upon in« 
cineration. 
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SAHTOMIHUJL 



Small, flat, rhombic prisms, transparent, withont odor or 
color, and of a slightly bitter taste; thej fiiae at 170" C, and 
assume, on cooling, the form of a crvetallinc mass ; at a strong- 
er beat, they volatilize in dense, white, irritating, inflammable 
vapors, which condenee unalterpd on cooling, forming a white 
crystalline sublimate; at a red heat, with free access of air, the^ 
bum away without residue, 

Santuiiin in permanent in the air, and aasnmea a straw-yel- 
low color, appareutly without decomjMwition, when exposed to 
the »olar light. When moistened with eonceotrated salphuric 
acid, in a dry test-tube, it remains unchanged and colorless for 
a while (evidence of tlie absence of galicin, which at once be- 
comes scarlet red) ; the mixture does not assume a bluish color 
upon the addition of a little powdered potassium bichromate 
(evidence of the absence of strj'chnia *), nor is it acted tipoa bjr 
concentrated nitric acid, 

Santonin is almost insoluble in cold as well as in acidalated i 
water, and also in dthite acids; tlic Altered liquid has only ■ 
feebly bitter taste, and renders no precipitate witli tannic ao^^ 
nor with trinitruphenol (picric acid), either before or after the 
addition of a little solution of sodium acetate (further evidence 
of the absence of salicin, and of cincbonia, and other bitter al- 
kaloids). Boiling water dissolves riirth part of santonin. It is, i 
however, readily soluble in diluted solutions of the alkaline hjrd 
drates, and in water containing them, but is reprecipitated by^ 
acids and acidulous salts. Santonin is also soluble in 43 parts 
id" coUl, and 3 parts of boiling, alcohol, in 75 parts of cold, and 
2 parts of boiling, ether, in 3 parts of chloroform (distinction 
Irom cincbonia, which is almost insoluble in chloroform), and 

" Swilonln uid itrichniii li»Te eome slmiliirilT [n tboir apppannpc, and tbi* tu» 
hM reppaledlf been the cause of incidenlal niixtakea and end accidents. TheyiMT, 
howcTer, at once bo diMingaiahBd, lieddea ihdr diflorence in laate, b; the aolulMUt; 
of itri/ehitia in diluted acidx, bj its Ingolnh'ditj In ether and in liquor potaasK, and 
by Ita rcaclian with concratnted sulphuriir acid, in which it diseolrei without color, 
bat produce*, npoD additioti of ■ rninate cryital of potauium bichromat*, a 
Tlolel tinge, which ■ucceauTcl; cbangM to titdet, to ted, and finallj tc 
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more or less freely in benzol, and in essential and fatty oils. 
The alcoholic solution btirns with a pale yellow flame (evidence 
of the absence of an adulteration with boracic acid), and be- 
comes transiently carmine-red upon the addition of concen- 
trated solution of potassium hydrate. All the solutions of san- 
tonin have a bitter taste and a neutral reaction on test-papers, 
although it acts as an acid, forming crystallizable and soluble 
«alt8 with the alkalies. 



SOBn AOBTAS. 

SODIUM SEU NATRIUM ACETICUM. 

Acetate of Sodium, Sodium Acetate, 

Large, colorless, transparent^ striated oblique - rhombic 
prisms, containing three molecules (39.49 per cent.) of water 
of crystallization, which gradually evaporate upon exposure to 
a dry, warm air, leaving the anhydrous salt as a white powder. 
When heated, in a dry test-tube, the crystals undergo aqueous 
fusion at 288® C, and, upon continued heating, they give out 
their water of crystallization, and are decomposed, with the 
evolution of empyreumatic, inflammable fumes, leaving a black 
residue of carbon and sodium carbonate, which imparts to the 
flame a yellow color, blues moistened red litmus-paper, and 
efiervesceft with acids. 

Sodium acetate is soluble in from two to three parts of cold, 
and in less than its own weight of boiling, water ; it is also 
soluble to some extent in alcohol ; its aqueous solution is neu- 
tral or nearly so, has a cooling, saline taste, is not precipitated 
when dropped into strong alcohol, nor when mixed with a di- 
luted solution of sodium carbonate, or with a concentrated so- 
lution of sodium bitartrate ; it assumes a red color upon the 
addition of a few drops of solution of a ferric salt, evolves the 
vapor of acetic acid, when warmed with concentrated sulphuric 
acid, and that of acetic ether, when heated with a mixture of 
alcohol and sulphuric acid. 

For Volumetric JSstimatiany see page 58. 
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EzBminatioa : 

Sodium cliloride and sulphate are detected, in the Bolation I 
of sodium acetate, acidulated with a few drops of diluted nitrio 
acid, by testing it, in separate portions, with argentic oitratB 
and barium nitrate ; a white precipitate with the first reagent 
would indicate ehXorlde, and with thu second one, stUphate. 

Metallic impurities are detected hy mixing a concentrated 
Bolntiou of the salt with an equal volnme of hydros ulpharic 
acid, and by subseqnent addition of a little aqua atnmonUe. 



soon ABSSN1A3. 

SODIUX SEU NATRIDU ARSENIODH. 

AraenittU of Sodiaat. Sodium Arnniata. 

Colorless, transparent, prismatic cryBtah, containiug 14^ 
molecules (40.38 per cent.) of water of crystallization, 10 of f 
which are slowly given off at common temperatnree, and in I 
dry air, leaving a white powder still containing four moleciitet 
of water ; these, however, are driven out at 148° C, when the 1 
ealt fuses. 

Sodium araeniate dissolves in about three parts of cold war- 
ter, forming an alkaline solution, of a mild, feebly saliue tastBi ' 
which givcfi white precipitates with barium and calcium salts, 
and with magnesium and zinc sulpliates, and a brick-red one 
with argentic nitrate, all of which are soluble in nitric acid ; it | 
suffers no alteration by hydrosulphnric acid, either in its alka- 
line solution or when this is acidulated with acids; the latter 
mixture, however, becomes turbid upon warming, separating 
white sulphur first, and yellow arsenic disulphide afterward. 
Fused upon cliarcoal, before the blow-pipe, sodium arseniate ] 
gives the garlic-like odor of arsenic, and imparts a yellow color I 
to the fiame ; heated, in a narrow tube, with a little potassium I 
cyanide, it forms a metallic mirror. 
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80Bn BIBO&A8. 

BORAX. SODIUM SEU NATRIUM BIBORICUM. 
Biborate of Sodium, Borax, Sodium Biborate, 

Colorless, transparent, hard, six-sided prisms, containing 10 
molecules (30.82 per cent.) of water of crystallization, ordi- 
narily permanent, but slightly efflorescent in dry and warm 
air ; when heated, they undergo aqueous fusion, give off the 
water, swell up, and form a white porous mass, which fuses at 
a red heat into a glass, which is a powerful solvent for the me- 
tallic oxides, forming colored fluxes. When powdered borax is 
mixed in a porcelain capsule with diluted sulphuric acid and 
subsequently with alcohol, and the mixture ignited, the alcohol 
bums with a greenish flame. 

Sodium biborate is soluble in 12 to 15 parts of cold, and 
two parts of boiling, water, and, with the aid of heat, in its 
own weight of glycerin, but insoluble in alcohol ; its aqueous 
solution has an alkaline, sweetish taste, and an alkaline reac- 
tion upon litmus and especially upon turmeric paper ; it forms 
precipitates of insoluble or sparingly soluble borates with the 
solutions of most earthy and metallic salts, and acts upon salts 
of gold, silver, mercury, and others, almost like potassium hy- 
drate, precipitating their hydrates. 

When added to mucilage of gum-arabic or Iceland-moss, 
or to other similar vegetable mucilages, solution of sodium 
biborate thickens them considerably, unless they contain an ad- 
dition of grape or cane sugar. 

For Volumetric Estimation^ see page 58. 

KTamlnatiim ; 

One drachm of the powdered borax, when dissolved in two 
ounces of warm water, should yield a complete and clear solu- 
tion, remaining so after cooling ; this solution may serve for 
the following tests : 

Sodium carionais is indicated by effervescence, or the rise 
of gas-bubbles, when a portion of the solution is added to oon- 
oentrated hydrochloric acid. 

Alum is indicated by a white precipitate with solution of 
Bodiom carbonate. 
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Chloride and sxdpKate may be detected in the solution, after 
dilution with three times its volume of water and auidulntion 
with diluted nitric acid, by the formation of white precipitates 
when tested, in separate portions, with argentic nitrate for chlo- 
ride, and with barimn nitrate for sulphate. 

Phasphate may be detected by a white granular precipitate^ 
when the solution is mixed with nearly an equal volume of so- 
lution of ammoniated magnesium sulphate. 

In order to ascertain the absence of arsenic acids, which 
would render the same reaction, the precipitate may be col- 
lected, washed, and dried, and then tested by heating a portion 
of it, mixed with a little exsiccated sodium carbonate, upon 
charcoal, and another portion, with a little potassium cyanide, 
in a narrow glass tube ; a garlic-like odor in the first test, and 
a metallic mirror in the eecond, would indicate an incidental J 
contamination with an arsenite or arsenate. 

Metallic impurities are detected by mixing the eolation ot'i 
tJie salt with an equal volume of hydrosulphuric acid, and bjt I 
Bubaeqnent acidulation with diluted hydrochloric acid. 
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PODH BICABBONAS. 

SODrm BED NATRIUM DICARBOKICCM. 

BiearhonaU ^ Soditim. Sodium BiearbonoU. 

White, opaque masses, made up of aggregations of small^l 
obliqne, four-aided plates or irregular scales, of a white appear- ' 
ance, in consequence of a slight efflorescence of the surfaces of 
the crystals, or a snow-white powder. The salt contains two 
molecules (10.05 per cent.) of water of crystallization, and is 
permanent in the air. Exposed to a strong heat, sodium bi- 
carbonate loses the water of crystallization and one molecule 
of carbonic acid, amounting together to 36.8 jjer cent, by weighty , 
and anhydrous sodium carbonate remains behind. 

Sodium bicarbonate is soluble in 13 to 14 parts of water at 
15.5° C, and in 10 parts at 24° C, forming a solution of a mild, 
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alkaline taste and reaction; when heated, effervescence takes 
place, and at the boiling-point of the solution the salt is con- 
verted into Bodium carbonate and sesqnicarbonate. Solution 
of Bodiuiu bicarbonate affords no precipitate upon the admix- 
ture of a concentrated aolution of aodinin bitartrate or of tar- 
taric acid. 

One drachm of crystallized sodium bicarbonate Eatnratea 
40. 9S grains of citric acid, and 53.55 grains of tartaric acid. 

For Volumetric Fatimation, aee page 58. 

Exu&inatiaa: 

Sodium mono-carbonate may be recognized in the solution 
of the salt by a white precipitate, when tested with magnesium 
sulphate. 

A confirmatory test is to mix a solution of 4^ grains (0.3 
gramme) of mercuric chloride in IJ drachm of water, with a 
eoliition of half a drachm (2,0 grammes) of the sodium bicar- 
bonate in 1 ounce of cold water, and to allow the mixture to 
stand for abont three minutes, when only a slight white tur- 
bidity should have occurred ; a reddish-browu deposit would 
confirm the presence of mono-carbonate. 

Sodium chloride and sulphate are detected in the solution 
of the salt, when over-saturated with diluted nitric acid, by 
testing it in separate portions, with argentic nitrate for chlo- 
ride, and with barium nitrate for sulphate. If a precipitate is 
formed with the argentic nitrate, which gradually turns gray 
or grayish black, the presence of sodium hyposulphite ia also in- 
dicated. 

Mctala. — About ten grains of the powdered sodium bicar- 
bonate are dissolved in about one ounce of hydi-osulphuric acid, 
and, when solution has taken place, this is over-saturated with 
diluted nitric acid; a dark turbidity, occurring either liefore 
or after acidulatiou, would indicate metallic impurities ;* these, 
if considerable in amount, may be obtained as a precipitate 
{torn a larger quantity of the salt, and the nature of the metals 
determined by the methods described on pages 41 and 43, 
The occurrence of a slight while turbidity, upon the addition 
of the acid, wonld he due to the presence of traces of sodium 
hypoanlphite. 
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SODn CAHBONAS. 

SODIUM 8EU NATRIUM CARBONICDM. 

Carbanale of Sodium. Sodium CarhonaU. 

Large, colorlessj tranaparent, oblique-rhombic prisms, con- 
taining 10 molecnles (62.85 per cent.) of water of er^stalliEa- 
tion ; they effloresce in dry air, lose their water, and crumble 
to a white powder ; when exposed to heat, they undergo aqae- 
ous fusion, and, after the evaporation of the water, thu anby- 
drous Bait fuaes at a red heat without undergoing further 
change. 

Crystallized sodium carbonate dissolves in two parts of cold 
and in less tJian half its weight of boiling, water ; or in otho) 
words^, 100 parts of water diasolve, at 14° C, 60.4 parts, at 3 ' 
C, 833 parts, and at 1(14° C. (the boiling-point of the saturatei 
solution), 445 parts, of crystallized eodiura carbonate.* Thl 
suit is insoluble in alcohol. Its aqueous solution has a BtroDf 
alkaline taste and reaction; dropped into solution of ta 
acid, it produces no precipitation ; it etfervesces with acid 
aciduloas salts, and decomposes tlie soluble salts of the eartbjj 
and heavy metals, fonning, with most of them, iuaolnble < 
sparingly soluble carbonates or hydrates. 

One draclim of crystallized sodium carbonates saturate 
29.34 grains of citric, and 31.47 grains of tartaric, acid. 

For Volumetric ICstimation, see page 58. 

Ezaniiiiatioii : 

iSodinm Chloride, Sulphate, and ITyposulpkiie. — A solatiM 
of the sodium carbonate is over-saturated with diluted nitriq 
acid, and is eubseqnently tested in separate portions, 
barium nitrate for sulphate, and with argentic nitrate tor chls 
ride ; if the latter reagent causes a white precipitate wbici 
soon turns more or less gray or grayish black, it would also iib 
dicate the presence of sodium hyposnlphite. 

■ Sodiiun c&rbonato, with ten molecules of WKt«r of crfntalliulion, is ■lt«i«d In 
lu loliilion. tX near the boiUng-point, into m salt nith only one molecule oX waut of 
crT^talllutioD, which Ji lcB9 voluble, and gives rise to (he onamal; in the soluUIHj' 
or «or]ium <>arbonHtc. A slmiUr inetance Is met with in sodium aulphile and M*- 
eral olbcr ealu. 
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Arsenic. — About one ounce of the crystallized salt is dis- 
solved in 4 ounces of water, the solution is slightly over-satu- 
rated with concentrated hydrochloric acid, is filtered, and then 
is wanned to about 60 to 70° C. ; while still warm, hydrosul- 
phuric-acid gas is allowed to pass into the solution until it is 
nearly cooled, the flask is then corked, and allowed to stand 
for 12 hours, when a flocculent yellow precipitate would indi- 
cate the presence of arseniate. 

As a confirmatory test, about 10 grains of the powdered 
salt are dissolved in half a fluidounce of concentrated hydro- 
chloric acid, and then 20 drops of concentrated solution of 
stannous chloride and subsequently about one fluid-drachm of 
concentrated sulphuric acid are added, and the whole, if neces- 
sary, is heated nearly to boiling. The formation of a brown 
turbidity would verify the presence of arsenic. 



BOJm. OHIiOBIDUX. 

SODIUM SEU NATRIUM CHLORATUM. 
Chloride of Sodium, Common Salt, Sodium Chloride, 

Anhydrous, colorless, transparent, cubical crystals, often 
agglomerated into hollow, quadrangular pyramids, or a white, 
granular powder, having a spec. grav. of 2.15 ; permanent in 
the air, but slightly deliquescent when containing traces of 
magnesium and calcium chlorides. When exposed to heat, 
sodium chloride decrepitates, from the presence of interstitial 
moisture, melts at a red heat, and volatilizes with partial de- 
composition at a high temperature. It imparts a yellow color 
to the flame, and evolves vapors of hydrochloric acid, when 
heated with strong sulphuric acid. 

Sodium chloride is almost equally soluble in water at all 
temperatures : 100 parts of water dissolve at 0° C. 35.52 parts, 
at 14° C. 35.87 parts, at 25** C. 36.13 parts, at 40° C. 36.64 
parts, at 80° C. 38.22 parts, at 100** C. 39.61 parts, and at 110° 
C, the boiling-point of the saturated solution, 40.35 parts, of 
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Ma^neMtum and ealaium chloride* ate detected in the BoIat-i| 
tloti of Kodiiifii vblt/ride bj a wliitc tarhidity taking place npon 
tlia additiuii of a dliiitnl •elation of sodium carlxmate. They 
may he dlRtinKutitlio'l by completely precipitating a warm di- 
lutfl HolLitlun of ftodium chloride, aft«r the addition of a few 
dropN of Hr|tin iimtminliD, witli ammoniuni oxalate ; if this cauees 
H pro('iplLul«, It «1 1 111 Inn) en only the calcium withont acting 
ii|inri tlm Miii{(riiiiliini nult ; after a while the liquid is passed 
thi-iMi^li a llltpr, ami tlic Ultrutc tusted, with a few drops of so- 
illiiiri phiiitpliute, for tiiagncitiuiii Baits, wliicli, when present, 
will kIvo rl«(> to the foniiation of a white precipitate, soluble 
upon thii addition of auotiu acid. 

AUd/imi and Mrthy titlp/uUea are recognized in the dilttte 
aiilutiiin, nritliilatod with hydrochloric acid, by a white predpi- 
tatii with biirlnm chloride, 

M^f'ittii' i'wt/mri'/i<M may bo detected by the occarrenoe of a 
dni'k rolomtioii or precipitate, wlien the solution of tlie salt » 
inixtMl with nn (npial rotumo of hydntsulphuric acid, ani ni>- 
iie<)iicntlv o\vr-«ftt»rrtt»Hl with atjua ammonias. 

MhI^* *>nti tfrwm'rf<i«.— A glftsa tube of abont 90 inAei m 
tvnftlb, And «M)*^hatr 1o threo-fourtlit of an inch wide, wUeh ■• 
drftvn out M \X» lower eiul into a narrow ftp«tsi«, ii filM ta 
«)to«l 14 incbcK witb the {wicdered salt, wm) tUt piiiiiliiti 
wiiti al^val 4 i>iinc<« of aloohol, of a spec gnv. httwutm <LSH 
kiM iVSM, and the ohuincd percolate ervponrtad fa 4i* m m. «« 
a itentle tiMt. Tb« naidaa dia* abCHwd it JMitrMJ ia a 
tittk wam\ tW fwlatiM a^lir aciA di taJ iriA dOitod wti- 
fkvtit M»d, »Mi a littit wteOi^ of stanli » fine adfai. aai 
mA m% mi M fy a Ntd* Mmlm* aatu, <b«p %r drofi, aad viik 
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gentle stirring with a glass rod. Tlie presence of even minuta 
traces of iodine ivill cause a bluieh coloration of the Huid ; 
when iodine atone ia present, the blue tolor will gradually be- 
come purple, an<l decrease, until it tinally disappears ; but. when 
bromine is also present, the blue color will not turn purple, but 
brownish, then orange, and finally yellow. 

mtrate. — To a little rtrong sulphuric acid is added part of 
a drop of sulphuric-acid solution of indigo, so as to communi- 
cate to the acid a bluish tint. An equal volume of concen- 
trated solution of the aalt is then added, keeping the mixture 
cool; if nitrate be present, the blue tint will disappear. 
" A confirmatory and still more 

sensitive test is to dip a bright 
zinc rod into a test-tube, or to 
suspend it in a small beaker 
(Fig. 87) containing a little di- 
luted sulphuric-acid mucilage of 
starch, to which one drop of solu- 
tion of pure potassium iodide, and 
flnbseqnently twice tJie bulk of the liquid of a solution of the 
salt, has been added; if nitrate be present, a bluish coloration 
of the liquid will issue from the zinc. 

Moisture. — When the quantity of water in sodium chloride 
has to be estimated, 10 scruples of the salt are weighed into a 
tared, dry beaker, or porcelain dish ; this is covered with bibu- 
lous paper, and allowed to stand in a warm, dry place, at near- 
ly 100° C, for several days, or until no more loss of weight 
takes place ; the whole is then weighed, and the loss of weight, 
multiplied by 10, indicates the percentage of moisture con- 
tained in the salt. 




BODn HTDBAS. 



^^^P Soda. Sodium IlydraU. 

Hard, white, fusible masses, in flat, tabular fragments or 
Bticks, of a fibrous fracture, or a coarse, white powder; very 
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deliquescent, but eolidifjiog again after a time, in conseqiience 
of the alisorptiuu of irarbonic-acid gas, and the formation of 
Bodiuni carbonate. Heated upon the looped end of a platinum 
wire, it imparts a yellow color to the flame. 

Sodium hjdrate is very soluble in water, with the evolo- 
tiou of beat; it is also freely soluble in alcohol ; its solutions 
are highly alkaline and caustic, aud act destructively upon ani- 
mal tissues. Dropped into a diluted solution of plumbic ace- 
tate, it cuuRcs a white turbidity, which disappears again upon 
continued addition of the caustic solution, without leaving a 
black residue (evidence of the absence of sodium sulphide). 
When the concentrated aqueous solution is dropped into strong 
alcohol, no precipitate should take place, as its appearance 
would indicate the presence of sodium carbonate, sulphate, 
chloride, or other salte, leas soluble in alcohol. 

Sodium hydrate may readily be distinguished from potas- 
sium hydrate, by dropping concentrated solutions of the Balta 
into solution of tartaric acid, taking care that the acidity of the 
Bolution remains prevalent; sodium hydrate will yield no pre- 
cipitate unleBS containing potassium lij'drate to a considerable 
extent, while potassium hydrate forms a white, granular pre- 
cipitate. 

For Volumetric Estimntioti, gee page 58. 

Sxamuuttioo : 

Sodium carhonat^e. may be detected in the hydrate by effer^ 
vescencc, or bv tlic formation of gas-bubbles, when a small pieca 
of the hydrate is thrown into acetic acid, and by the occurrence 
of a white turbidity upon the admixture of an equal volume 
of lime-water with the atjueous solution of the salt. 

Chloride and sulphcUe are detected in the diluted solution, 
when over-saturated with diluted nitric acid, and tested in sep- 
arate portion?, with argentic nitrate for the former, and with 
barium nitrate for the latter. 

Silicic acid and aluminium eaUa may be detected by over^ 
saturating the dilute solution of sodium hydrate with an excess 
of diluted niti-ic acid, and subsequently evaporating to dryness;' 
the residue is dissolved in warm water, and should be whollj 
soluble ; an insoluble residue would indicate silicic amd ; the 
solution is filtered, and the filtrate tested with aqua ammoniffi;. 
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the formation of a white, gelatinous precipitate would indicate 
aluminium Baits. 



SOBIZ HTPOPKOSPUIH. 

SODIUM SEU NATRIUM HYPOPHOSPHO ROSUM. 
Bypophcq>hite qf Sodium. Sodium Hypophoiphite. 

Small, colorless, transparent, rectangular tables, of a pearly 
lustre, or a white, granular powder, which, when heated in a 
dry test-tube, will first give off moisture, and subsequently 
phosphoretted hydrogen, burning with a bright light ; a resi- 
due of sodium pyrophosphate, reddened by traces of red amor- 
phous phosphorus, is lefk behind. 

Sodium hypophosphi|e is deliquescent if not dry, or in a 
moist atmosphere ; it is readily soluble in water, and in absolute 
alcohol (distinction from calcium hypophospbite), but insoluble 
in pore ether ; its aqueous solution has a slightly alkaline re- 
action, and is gradually oxidized on exposure, especially when 
warm ; it affords, when much diluted, no reaction with diluted 
sulphuric acid, or with calcium chloride (distinction from solu* 
ble phosphates and phosphites), nor does it render a precipitate 
with oxalic acid (further evidence oC the absence of calcium 
salts) ; it acts as a powerful reducing agent, and forms a white 
precipitate with argentic nitrate, which quickly turns brown, 
and is converted into metallic silver. 



SODXX HTF08T7LPBIB. 

SODIUM SEU NATRIUM HYPOSULPHUROSUM SEU SUBSULPHUROSUM. 

ffypc9ulphite of Sodium, Sodium Hyposulphite, Sodium Dithionate. 

Large, colorless, transparent, right-rhombic, striated prisms, 
containing five molecules (41.7 per cent.) of water of crystalli- 
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When iodme, eitfacr ikae or duaolred in alcohol, is adJed 
to solnlioa of Mdinm tiTpaealphite, it is inuDediatelj deeolor 
iied, eodiaiD iodide and tetralhiooate being fonned ; this prfr- 
eew takes place in tbe propoitioD, appronmalelj, of one part 
(1?7) of iodine to two parta (3iS) of erritalliaed aodiom farpo- 
■olphite ; a KilQtioti m theae pnportioaa diMolreB iodine koA- 
ilj, with a brovB odor, but it is deeoloriaed again opon the 
restoratioa of tboee proportions bv the addition of sodinm 
hTpoonlphite. 

Solntion of eodinm hTpoealphite is a soWent for several oth- 
erwise insoluble oompointds^ as argentic oxide, aigentio iodide. 
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bromide, and chloride, plambic iodide, plumbic and calcium 
anlphatee, etc. 

For Volumetric Eatiniation^ see page 63. 

Examination: 

Sodiwra sulphate is detected by the occnrrence of a white 
precipitate, when the dilute solution of the salt is tested with 
barium nitrate. 

Sodium carbonate is indicated by effervescence when a con- 
centrated solution of the salt is dropped into diluted acetic or 
hydrochloric acid. 



80Dn lODIDXrX. 

SODIUM SEU NATRIUM lODATUM. 
Iodide of Sodium. Sodium Iodide, 

A white, granular, deliquescent powder, or colorless, striated,, 
oblique-rhombic prisms, with four molecules of water of crys- 
tallization, when crystallized at temperatures below 30° C, aud 
anhydrous cubes when obtained at temperatures above that 
point. When exposed to heat, sodium iodide fuses, and is vol- 
atilized at a higher temperature, giving off part of its iodine ; 
it is decomposed at a strong heat ; when a few grains of the 
salt are heated in a test-tube, either in concentrated sulphuric 
acid, or with a little potassium bisulphate, violet-colored vapors 
of iodine are evolved ; when a few grains are dissolved in chlo- 
rine-water, the latter assumes a brown color, and, when shaken 
with some chloroform or carbon bisulphide, and subsequently 
with a little water added, imparts a fine purple color to the 
chloroform or carbon bisulphide. 

Sodium iodide is freely soluble in water, in glycerin, and in 
alcohol ; 100 parts of water, at 14° C, dissolve 173 parts of the 
salt ; the solution has an acrid, saline taste, and a feeble, alka- 
line reaction ; it gives no precipitate with tartaric acid, with 
sodium bitartrate, or with sodium carbonate, but forms a yel- 
lowish one with argentic nitrate, insoluble in diluted nitric 
acid, and but very sparingly soluble in ammonium hydrate, 
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and the precipitate agitated with chlorine-water ; if argentic 
chloride, it remains unchanged ; if bromide, the chlorine-water 
will asgame a yellowish or reddish color, which, on agitation 
with chloroform, will be transferred to the latter. 

Carbonate may be detected, in the aqueous solution, by a 
white turbidity when mixed with twice or thrice its volume of 
lime-water. 

Sodivmfi nitrate may be detected, when 10 grains of the 
sodium iodide and 12 grains of argentic sulphate are triturated 
together, with a little water ; the mixture is then transferred 
to a small, tared, moist filter, and the filtrate mixed with an 
equal volume of concentrated solution of ferrous sulphate, and 
subsequently placed upon concentrated sulphuric acid (Fig. 88) ; 
a dark 'coloration of the line of junction of 'the two liquids 
would indicate nitrate. 

The precipitate upon the filter is washed with tepid water, 
until this, when allowed to drop into dilute hydrochloric acid, 
ceases to produce a turbidity ; the precipitate is then washed 
with a little greatly-diluted aqua ammonisB, and subsequently 
dried at a temperature not exceeding 90° C. ; it must weigh not 
less than 15 grains, if the sodium iodide employed was pure. 

For Volumetric Esiimationy see page 63. 



soDn 

SODIUM SEU NATRIUM NITRICUM. 
Nitrate of Sodium, Chili Salpetre. Sodium Nitrate, 

Anhydrous, colorless, transparent, obtuse - rhombohedral 
crystals, slightly deliquescent, and generally of a moist appear- 
ance ; when thrown upon burning coals, the salt deflagrates 
with an orange-yellow flame. 

Sodium nitrate is freely soluble in water, but only sparingly 
in alcohol ; the aqueous solution, saturated at 18.5^ C, con- 
tains 46.81 per cent, and saturated at its boiling-point (121** 
C), nearly 70 per ceut, of the salt ; the solution is neutral, has 
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a sharp, cooling, saline taste, end is not acted upon, wliea d 
luted, hj reagents. 

ItB concentrated solution maj' readily be distingi 
that of potassium nitrate by not being acted upon by a soln- 
tion of sodium bitartrate, which gives a white, granular pre- 
cipitate with potassium nitrate. 

Examination : 

Salts of th« earthy oxidei are detected in the solution ( 
sodium nitrate, by a white turbidity, upon the addition of solA 
tion of sodium carbonate. 

Chloridet and aulphaies are detected in the diluted eoltt^ 
tion, after aeidulatiou with diluted nitric acid, by white precipi- 
tates when tested, in separate portions, with argentic nitrate 
for chloride, and with barium nitrate for sulphate. 

Metals are detected by a dark coloration or precipitst 
when the concentrated solution of the salt is mixed with i 
equal volume of hydrosulphuric acid. 

Sodium Iodide and lodate. — About two drachms of the salt 
arc dissolved in one ounce of water, and the solution is equally 
divided into two test-tubes, tu one of which a little snlpborio- 
acid mucilage of starch is added ; an ensuing blue coloration 
would indicate either sodium iodide and iudatc or sodium io- 
dide and nitrite. Wlien no blue reai-tion takes place, to the 
second part of the solution is also added a little sulphuric- 
mucila^e of starch, and it is divided into two portions, and t 
Beverally with one drop of solntion of potassium nitrite, i 
one, and in the other by adding, drop by drop, a little faydra 
sulplmric acid. An ensuing blue reaction, in the tirst instantx 
would indicate the presence of sodium iodide ; a reddish, pm 
pie, or violet coloration, in the second one, sodium iodale. 

Another test for iodide and iodate is to add, to a c 
trated aqueous solntion of the sodium nitrate, some chloritH 
water, and to agitate the mixture afterward with carbon bis 
phide ; the latter, when it has subsided, is separated by met 
of a pipette, and agitated with a little powdered zinc and afi 
drops of diluted sulphuric acid ; a purple coloration of the c 
bon bisulphide, either at once nr upon the latter treatment 
would condrm the presence of iodine compounds. 
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80Dn PHOSPHAfl. 

SODIUM SEU NATRIUM PHOSPHORIGUM. 
Phosphate of Sodium. Tri-banc Sodium Phosphate, 

Colorless, transparent, oblique-rhombic prisms, terminated 
by four converging planes, containing 24 molecules (60.10 per 
cent.) of water of crystallization ; they are readily efflorescent, 
losing, when exposed to the air at common temperatures, 10 mo- 
lecules (22.25 per cent.) of water, and becoming opaque ; when 
heated to near 100® C, the rest of the water of crystallization 
evaporates. When exposed to a strong heat, sodium phosphate 
first undergoes aqueous fusion, and afterward melts at a red 
heat into a limpid glass of sodium pyrophosphate, which be- 
comes opaque on cooling. 

Sodium phosphate dissolves in 6 parts of cold, and in 2 
parts of boiling, water, but is insoluble in alcohol. Its solution 
has a cooling, saline taste, a faintly alkaline reaction, affords no 
effervescence upon addition of an acid, and gives, with solution 
of completely neutral (fused) argentic nitrate, a bright-yellow 
precipitate, soluble in both ammonium hydrate and nitric acid ; 
the ammoniacal solution remains unchanged, when the test- 
tube, wherein it is contained, is immersed in boiling water (dis- 
tinction from the similar argentic arsenite, whose ammoniacal 
solution deposits metallic silver upon the walls of the test-tube 
upon warming). With solution of ammoniated magnesium 
sulphate, sodium phosphate gives a white precipitate, insoluble 
in an excess of the salt as well as of the reagent. 

Examination: 

Sodium carbonate is detected by effervescence, upon the 
addition of hydrochloric acid to the concentrated solution of 
the salt. 

Sulphates and chlorides are detected in the diluted solution, 
strongly acidulated with nitric acid, when tested in separate 
portions, with barium nitrate for sulphate, and with argentic 
nitrate for chloride. 

Metallic Impurities. — About half an ounce of the salt is 
dissolved in one ounce of boiling water, and the solution added 
to about 3 ounces of hydrosulphuric acid in a flask ; about one 



Z46 



UASVAL or cHincAt akiltsk 



drachm of dilated liTdrocbloric acid is added, and tbe 
corked and allowed to stand in a warm place for about t^m 
hours. A yellow precipitate would indicate arsenic, a daik - 
one metallic im pari ties. 

An a contirmalorj test, or if the presence of other metals 
reijoireA a special teet for anentc, 20 grains of the Eodiam pboa- 
phate are dijuulved in about one drachm of boiling; water ia a 
wide teet-tube ; half a fluidouncc of pure, conceutrated hydro- 
chloric acid is then added, and a strip or roll of bright copper- 
foil completely immersed in the flnid ; the tube is then dipped 
into boiling water, and allowed to stand therein for half an 
Iionr. The copper must remain bright; a grayish or grayiab* i 
black coating of the copper would be evidence of the preseneta 
of arsenic. 



SOSII PTKOPHOSPHAa. 



SODIUM SEU NATRIITM PTROrHOSPHORICTnT. 



Pyroph^tphale of Sodium. Sodiu 



r TttraphotphaU. 



Colorless, transparent, brilliant, rhomboidnl plates, or ■ 
while granular powder, containing ten molecules of water <rf 
crj-stallizationjpennanent in the air; when expoeed to heat, 
the salt gives off its water of crystallization, fiiaee, and, on cool- 
ing, concretes to a crystalline semi-transparent mass. 

Sodium pyrophosphate dissolves in ten parts of cold watMj'^ 
forming a slightly alkaline solution, which renders a white pra>| 
cipitate and a neutral nienstnmm with argentic nitrate, and 
white granular precipitate with ammoniated magnesium si 
phate, insoluble in an excess of either the reagent or the salb 
Wlien solution of sodium pyrophosphate is boiled for some time, 
the salt returns to the state of the tri-basie phosphate, and re- 
gains the properties, and renders the reactions, of tri-basie 
sodium phosphate (page 345). 

Examination : 

Carbonate is detected in the solution of the salt, by effw- 
Tescence upon the addition of a little concentrated nitric acid. 



•ol- 
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SulphoAe and Marids may be detected in the diluted solu- 
tion, after acidulation with nitric acid, by wnite precipitates 
when tested in separate portions, with barium nitrate for the 
former, and with argentic nitrate for the latter. 

Metallic impurities are detected by mixing the concentrated 
solution of the salt with an equal volume of hydrosnlphuric 
acid, and subsequently acidulating with diluted nitric acid. 



SODn SUI^PHAfl. 

SODIUM SEU NATRIUM SULPHURICUM. 
Sulph4Ue of Sodium. Glauber's Salt. Sodium Sulphate. 

Colorless, transparent, six-sided, striated, oblique prisms, 
containing ten molecules (56 per cent.) of water of crystalliza- 
tion, efflorescent, and gradually losing water and crumbling to 
a white powder. Exposed to heat, the crystals undergo iirst 
aqueous, and subsequently igneous, fusion. 

Sodium sulphate is very soluble in water ; 100 )>arts of 
water at 0** C. dissolve 12 parts, at 18° C. 48 parts, at ^"^ C. 
100 parts, and at 33° 0. 322.6 parts, of the crystallized salt ; 
above that temperature the salt passes into the anhydrous state, 
in which it is less soluble, and the solution then separates salt 
upon an increase of heat {see foot-note on page 334). The solu- 
tion has a salty and feebly bitter taste, is neutral, remains un- 
altered with sodium carbonate as well as with sodium bitar* 
trate, and gives a granular white precipitate with lime-water, 
and a copious white one with solutions of both barium and lead 
salts, which latter precipitates are insoluble in diluted acids. 

Fifty grains of crystallized sodium sulphate, dissolved in 
two ounces of water acidulated with hydroclJoric acid, give, 
when completely precipitated with barium chloride, a precipi- 
tate which, when collected upon a tared filter, washed, and 
dried, should weigh 72.2 grains. 

Szaminatioii : 

A solution of one part of the crystallized salt in four parts 
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of watery tested vitk Uoe and with red litmiw-paper, mtut i 
ckuMM *i— calor of rithw 

OUmdir BiT' be detected in the dilated sotntion, a 
hied with nitrie acid, W a white turbidity ur precipitate with 



msmifiiab bat be reeogoized bv tbe odor as well 



w bf the rin «f wUl« npon, urtira a little of the triturated 
all is koatcd in a tfna^ ■alation of pota^ium hydrate and a 
ghoa rod, Beistaacd wiA acetic acid, is held in the oriSce of 
AaleM-c^e. 

Jf«I^M*Ma sad cafaraai aaito v« detected in the aolation 
by a whku | i w c i| « t a lg wiA aadiaai carbonate ; a reddish or 
t of tbe |-— J^-* ■*- woald indicate metallic 
I Qnm iad ataagiaeaF); tbe preeenee of man^an«m 
Mti naj be wiiBu d bj a btowa precipitate opoo tbe addi- 
tna of aobtioa of cUotiaated Gae to the solation of the sodionv 
■■1[4a!ii, ibat of «1M by a Ubb tarbidity, when the solotion of 
tin aah ta aridalaled wilb faydroclklone acid and tested with 
patMsna fcirucyaaMle. 

MttdM maj tetber be delected id tbe diluted Kolotion by 
latrodnetng — ■"'"^'■— calphydnt^ aod allowiii^ the mixture 
to Maad for a few hoaiB ; a wUte taibidity wontd indicate aine, 
and a browvab-bIac& oae, tm/ftrj a gtvenish-black one wonld 
coolnB tbe ^a t u i it «t irvm^ and a pale-reddish one, that of 



If a tcit far aneaie is rsqwired, about 30 grains of the crys- 
talliaed sodtam aalpbata ai« dueolred in ooe drachm of warm 
water in a wide tesl-tabe ; balf » ftudoance of concentrated 
bjdrocbloric acid is added, and a strip or roll cf bright copper- 
foil completely immersed in tbe ftaid : the tabe ia then dipped 
into boiling water aiKi allowed to stand in the water for half an 
hour. Tbe copper mast remaia bright ; a grayish-black ooat- 
lug wonM indicaie Tsa wi fc . 

SutfUl* and A g fmm lfiiU may he detected in a Bolation of ] 
one part of tbe salt ia tbree jwrts of water, hy mixing it witb ' 
one-third of iia toIbom of ooncentraled hydrochloric acid, and 
heating it gently witb a few grains of granular zinc ; the piea- 
iiii(<«i t\( vitJier of tbe above salts will gire rise to the formation 
of h.vilnk«u]phnrio aeid, which may be reoogniied by [dadag « 
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Bmall bonch of cotton, moisteDod with Bolution of plnmbic ace- 
tate, in the orifice of the tube, or by closing it with bibnlotu 
paper moistened with the plumbic solution (Fig. 8d). 




A black coloration of the solution would show the presence 
of either or both the above salts. 



3K jiiiKUi;. OF tEOHaa^jAK^iixSOE. 
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-ixmrnm smr j^.w'.rTrrrg yn u ' -i; 1 3i i.itgrm 





: ••ILtEipfili*- 

m. ih!zsxBrtk!L hd£ trhe 

J : :^%xmnc -'^siiL .iBBi^ .z maw i» ^ liitv ""^Rdi/wiuL iiiw^ «£uiiiist- 
'% ■ i*r^ivf*0!g. se vtH«i TWiiiis- 'wan isrrms^ ■nemtiK. wriiufi. <fi»> 

4^ .wvMiii^ « *ii c.kpv&un» •>! "he -^iuno* ti ti» jic. tfiis jiEDplute 

;u\.v*, >v'iUaoa v^i souium iuipbite «!t» » a 
« V...W , t .iiitk^ >ui|>aur*iu:i^ :M:ifi rxpria uhe nhemnr 'AT iCrong 
wiU'S. Mv;\iAV v^hcu cold, treelv on warmnu£. jotc iraft. t&e sep- 
■U4i;K>a ^a ^paar; when tiiis- test m ptaJbtuiiw i mia &Tdro- 
oUkaic v>i* Milpliimc :u:iii« aad with the addkon 4^ a lE&de xne, 
UvUiv*.alpauric :icid is evoivyii. WItii b*rtiizs <iii»c^i& or ni- 
14UU, wiuuou ot s^oiiiuui suiphitc torms wlirfie pffvcmtt&tty sol- 
hWv >i* ailut^U hvdrucbloric acid. 

\»JiUfH siup/ujUe may be detected in the diliited solvti^n of 
uhv '•^i^* ^\^ pivcipitatiug it with barioni chloride, mud br de- 
vHiuV'vUiUA ^1' ihc AUjwruatant menstmnm a^er sabeidiiig ; the 
w v^ »v^^^^ ^^ ^"^^ ^ twice wtisfaed with a little coW water, and 
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then treated with dilated hydrochloric acid, wherein it should 
be wholly soluble ; an insoluble residue will indicate the pres- 
ence of sulphate. 



8PXBITU8 JBTH KRT8 NITB08I. 

SPIRITUa OTTROSO-iETHEREUS. SPIRITUS NITRI DULCIS. 

Sweet Spirit ^ Nitre. Spirit of Nitroue Ether. Alcoholic Solution of 

Ethyl Nitrite. 

A colorless, or pale-yellow, volatile liquid, of a fragrant, 
ethereal odor, and sharp, aromatic, sweetish taste; its spec, 
grav. is 0.837 U. S. Pharm., 0.845 Brit. Pharm., and 0.840- 
0.850 Pharm. Germ., and it should contain between 4 and 5 
per cent, of ethyl nitrite. It is inflammable, reddens blue lit- 
mus-paper not at all or only faintly, and assumes a dark color 
upon the addition of a few drops of a solution of ferrous chloride. 

Spirit of nitrous ether is miscible with water, alcohol, chlo- 
roform, ether, carbon bisulphide, benzol, and essential and fatty 
oils. A portion of the spirit, in a test-tube half iilled with it, 
plunged into water heated to 63° C, and held there until it has 
acquired that temperature, will boil distinctly on the addition 
of a few small pieces of glass. 

Examination : 

Aldehyde is indicated by a brown coloration of the spirit 
when agitated in a test-tube with a few fragments of fused po- 
tassium hydrate. 

Acids. — Spirit of nitrous ether containing so much of free 
acid as to have a perceptible sour taste and an acid reaction 
npon blue litmus-paper, and to cause the rise of gas-bubbles 
from a few crystals of potassium bicarbonate when dropped 
into it, cannot be considered admissible for medicinal use. 

MAyl chloride may be detected by burning away a small 
quantity of the spirit upon a little water in a porcelain capsule, 
and by subsequently testing the water, after acidulation with a 
few drops of nitric acid, with a few drops of solution of argen- 
tic nitrate ; the occurrence of a white turbidity would indicate 
the presence of ethyl chloride. 
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Methylic Alcohol. — About oue ounce of the spirit is BhakM 
with 30 to 40 grains of anhydrous (exsiccated) potassin: 
bonate ; after subsiding, the supernatant spirit is decanted;" 
about half a fluidounco of this dehydrated spirit is introduceil 
into a small flask, or a test-tube of a proper size (Fig. 90), 2^ 




drachms of anhydrous calcium chloride in powder are added, 
and, after thoronghly mixing, the flask is connected with a con- 
denser, and is then placed in a water-bath for distillation ; this 
distillation is continued until one and a half fluid-drachm of 
distillate have been obtained. The test-tube is then removed 
from the water-bath, and, when cool, one drachm of water is 
added, and the distillation once more resumed until a little 
more than half a fluid-drachm of distillate is obtained. The 
latter distillate is mixed with half an ounce of water, wherein 
30 grains of potassium bichromate and 30 drops of concentrated 
sulphuric acid have been dissolved. After having allowed the 
mixture to stand for a quarter of an hour, it also is submitted to 
distillation, until half an ounce of distillate la obtained ; to this 
30 grains of crystallized sodium carbonate are added, in a por- 
celain capsnle, and the whole evaporated to half its bulk; it is 
then slightly over-saturated with acetic acid, Altered into a test- 
tube, and a solution of one grain of argentic nitrate in half a 
drachm of water acidulated with two drops of diluted »« " 





SPIRITUa 
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acid added, and the whole gently boiled for aboat two min- 
utes. If the spirit is free from methjlic alcohol, the solution 
darkens, and often assumes transiently a purplish tinge, but 
continues quite transparent, and the test-tube, after being rinsed 
out and tilled with water, appears clean. But, if the spirit con- 
tains even traces of methylic alcohol, the liquid becomes at first 
brown, then almost black and opaque, and a film of silver is de- 
posited on the tube, which appears brown by transmitted light. 
When only 3 to 4 per cent, of methylic alcohol are present, 
the film is sufficiently thick to form a brilliant metallic mirror. 
Estimation of the Quantity of Ethyl Nitrite. — One hun- 
dred grains of the spirit of ni- 
trous ether are macerated in a 
little corked fiask for 12 hours, 
with occasional agitation, with 
12 to 15 grains of fused potas- 
sium hydrate ; the ethereal 
odor will then have disappear- 
ed, and the liquid is poured 
into a beaker, diluted with 
an equal bulk of water, and 
left in a warm place until tl;e 
odor of alcohol has also disap- 
peared. The remaining so- 
lution is then slightly acidu- 
lated with diluted sulphuric 
acid, and tested by deliver- 
ing into it test solution of 
}K)tassium pennanganate, con- 
taininti^ a certain and known 
quantity of the permanganate 
in each centimetre, or volume- 
unit, drop by drop, and with 
constant stirring, until the col- 
or of the permanganate ceases 
to be discharged (Fig. . 91). 
The number of grains and 

parts of grains of potassium permanganate required for the 
test is readily calculated from the volume of the solution 

23 
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used ; and this nnmher, multiplied by 1.18, indicates t 
the percentage of ethyl nitrite ccmtained in the spirit. 



I 



STBTCHKIA. 

STRTCHXINUM. STRTCHNltTL 
Stryehnia. Strftknin*. 

Small, brilliant, octahedral cry&tals, colorless and 
parent, or a white, crystalline powder, permanent in the air. 
Healed upoa platinum-lbit, etrvchnia melts, nnd P{>reads over 
the foil like melted redn ; it partly volatilizes n-itboat decom- 
position ; moat of it, however, is decomposed, leaving a charred 
rceidne, which, at a etronger heat, is wholly diseipated (evi- 
dence of the abeence of fixed admixtures). 

Strychnia is almost insolnhle in cold water, in absolata 
atcobul. and in ether, and only sparingly soluble in boiling wa- 
ter, bnt it dissolves freely in Itoiling alcohol, in chloroform, uxl 
in strong and dilute acids, as also, to 
eome extent, in alcohol containing 
water; 100 parts of such alcohol, 
cold, of a spec, grar, of from 0.890 
to 0.880, dissolve five parla of 
strychnia. The alcoholic eolation 
hna a feeble alkaline reaction upon 
test-paper, and an intensely bitter 
tasttv One grain of etrvchnia re- 
quires for solntion about 7 ounces 
of boiling, and 10 ounces of cold, 
water ; and theee solutions, even 
when greatly diluted, preserve Ilio 
intensely bitter taste of strychnia. 

When a few drops of cold con- 
centrated nitnc ac-id are added, by 
means of a glass rod or a small pi- 
pette (I'Ig. 9:2), to a little strychnia, or its salts on a watch- 
glass, it di&solvee without any color, or with only a palo-. 
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greenish or yellow tint (distinction from brucia and mor- 
phia, and their salts, which give iu tensely red solations). 
Strong sulphuric acid also dissolves strychnia and its salts 
without color (distinction from brucia, veratria, and salicin, 
which yield red or purple reactions) ; but, when a minute 
fragment of a crystal, or one drop of a solution of potassium 
bichromate or permanganate is added, the solution assumes 
at once a deep-violet or blue color, which successively changes 
from violet to red, and finally to green or yellow. This char- 
acteristic reaction * may also be performed upon a porcelain 
plate, or a glass-pane placed upon white paper, by allowing 
four drops of concentrated sulphuric acid to fall on the plate, 
two upon about half a grain of strychnia each, the third upon 
a small fragment of potassium bichromate, and the fourth upon 
a small fragment of a crystal of potassium permanganate ; the 
drops with the two reagents are then drawn by a glass rod, 
each to one of the colorless drops containing the strychnia ; the 
intense coloration will occur at once. 

When a cold, saturated alcoholic solution of strvchnia is 
mixed with about an equal volume of an alcoholic solution of 
ammonium sulphydrate, and the mixture is allowed to stand 
for 12 hours, long, brilliant, orange-red needles are formed, 
which are insoluble in water, alcohol, ether, and carbon bisul- 
phide, but which are decolorized and decomposed when treated 
with concentrated sulphuric acid, with the formation of strych- 
nia sulphate, and of an oily compound, which, in contact with 
water, is resolved into sulphur and hydrosulphuric acid. 
Strychnia only is known to render this reaction. 

When about two grains of strychnia are agitated with five 
fluid-drachms of warm water, they will not wholly dissolve, but 
will do so at once upon the addition of a few drops of diluted 
sulphuric acid ; this solution, when tested in separate portions, 
will yield precipitates with tannic acid, with potassio-mercuric 
iodide, and with iodinized potassium iodide; it will remain un- 
altered with potassium bicarbonate (distinction from the cin- 
chona alkaloids), but it will yield a white precipitate with the 

* Only aniline and its salts are known to render, with the same reagent, a simi* 
lar reaction, which, however, is less of a yiolet, and more of a blue tint throughout, 
and which does not appear immediately. 
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Hikaluie byilratee, insoluble in ah excess of the predpiUat 
(further distinction from luorpliia), and ako iusoluble when 
agitated with etlier, but soluble in chloroform. 

ExBmiDation : 

Incidental or fraudulent admixturea of other alkaloids are 
recognized by the above-deecribed characteristics and reactions 
of fitrychnia, 

Jirueia and saUcin are indicated by a red coloration with 
either concentrated nitric or Bulphuric acid. 

Brucia may also be recognized by its ready Bolubility in 
abeolnte alcohol (wherein strychnia is almost insoluble), and by 
the reaction of its solution in strong nitric acid vith stannooa 
chloride or sodium hyposulphite, "While pnre strychnia rendi-rs 
a pale-green or yellowish solution with strong nitrik: acid, tliia 
will appear more or less red, if brucia be present, and will 
assume, upon the addition of solution of stannous chloride or 
of sodium hyposulphite, a deep violet color, which wilt not dis- 
appear upon dilution with water ; if the latter reagent has been 
employed, a white turbidity from the separation of sulphur will 
occur after a while. 

SarUonin is known by its insolubility in dilute acids, and 
by its properly of becoming lemon-yellow when the sample, 
covered with a sheet of thin white paper, is exposed to solar 
light for ono or two days. 

CincAoita alkaloids may be detected by a white precipitate, 
when a solution of two grains of the strychnia in two drachma 
of water and three drops of diluted sulpiiuric acid is tested with 
solution of potassium bicarbonate. 

Cinehonia may also be recognized by its insolubility in 
chloroform, remaining behind when a little powdered strychnia 
is exhausted with that solvent ; its identity may then be ascer- 
tained by its properties, described on page 18S. 
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8TRYCHNINUM SEU STRYCHNIUM NITRICUll. 
Nitrate of Strychnia or Strychnine. Strychnia Nitrate, ^ 

Colorless, transparent, flexible needles of a silky lustre ; 
when heated upon platinum-foil, they become slightly yellow, 
melt, and are finally wholly dissipated (evidence of the absence 
of fixed admixtures). 

Strychnia nitrate is soluble in 60 parts of cold, and in three 
parts of boiling, water; it is also soluble in dilute alcohol and 
in chloroform, but only sparingly in strong alcohol, and almost 
insoluble in absolute alcohol, and in ether. Its solutions are 
neutral, and have an intensely bitter taste. 

Strychnia nitrate answers to all the reactions of strychnia, 
and may be recognized by the characteristic coloration with 
strong sulphuric acid and potassium bichromate or permanga- 
nate, as described on page 355. The evidence of being a nitrate 
may readily be obtained by decolorization, when its solution is 
faintly blued with sulphuric-acid indigo-solution, and heated, 
or by dissolving a few grains of the salt, and an equal quantity 




Fig. 98. 



of ferrous sulphate, in a little diluted sulphuric acid, and placing 
the colorless solution upon concentrated sulphuric acid (Fig. 
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93] ; a durk-hrowu coloration will take placQ at the junction of 
the two liquids, 

The inetlioda for testing the purity of atrjcbnia nitrate are 
tie sflnie as described with strychnia, on pages 335, 356. It^' 
needs only to he added that the Bait should not emit ammo^ 
iiiacal odurs, when heated with liquor potaesfe, nor cause t 
rise of white vapors, when a glass rod, moistened with acetiq 
auid, is held over the orifice of the test-tube. 



STSTOBKLS SUIJHAS. 

STRTCHNLVDM 8EU STRVCHSIUM SCLPDURICUlt I 

Sutphatt of Strychnia or Stryekniae. Strychnia Sulph<xUi~ 

Fine, colorless, and transparent prismatic crystals, coDtaia"! 
iiig seven molecules (nearly 14 per cent.) of water of crystalli-l 
zation; slightly efflorescent on exposure to the air; wbeitl 
heated, tlioy melt, and lose the water of crystallization; at ■ 
strong heat, they burn away without residue (evidence of t 
absence of lixed admixtures). 

Strychnia sulphate is soluble in 43 parts of cold, and j 
about two parts of boiling, water; it also dissolves, in nearl^^ 
the same proportions, in dilate alcohol, but only sparingly itiM 
strong alcohol, and is almost insoluble in absolute alcohol andj 
in ether. Its solutions are intensely bitter ; their deportroeoCfl 
vith reagents answers to that of strychnia, and they also i 
der the characteristic reaction with sulphuric acid and pota 
sium bichrooiate or permanganate; the e\'idence of being i 
sulphate may be obtained by the white precipitate which bft^l 
rium nitrate yields with a solution of strychnia sulphate in d^l 
Inte nitric acid. When heated with liquor potasste, the salt 
should not emit ammoniacal odors, nor should it cause the rise 
of white vapors when a glass rod, moistened with acetic add, 
is held over the orifice of the test-tube. 

The purity of the salt mtiy be a^ertained by the same ( 
as described with pure strychnia, on pages 355, 356. 
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SUI^PHUB P&JBOIFITATUK. 

LAC SULPHURIS. 
Precipitated Sulphur. 

A fine, slightly coherent powder, of a pale yellowish or 
grayish color, without taste or smell, and free fipora gritti- 
ness, consisting, when seen under the microscope, of minute, 
opaque globules, without any admixture of crystalline matter. 
When thrown upon burning coal, or heated in an open vessel, 
precipitated sulphur first emits a little hydrosulphuric-acid gas, 
then fuses and burns wholly away at a stronger heat. 

Precipitated sulphur is insoluble in the common solvents, 
but is dissolved readily and wholly in carbon bisulphide, and 
in strong, boiling solutions of potassium and sodium hydrates, 
and also more or less in benzol, in hot oil of turpentine, and 
other essential and fatty oils. 

Sxaminatiiiii : 

Fixed admixtures are indicated by a white ash left behind 
upon complete dissipation of about 10 grains of the sulphur in 
an open porcelain crucible. 

Calcium Sulphate. — About one drachm of the sulphur is 
triturated with about 6 fluid-drachms of tepid water, and the 
mixture agitated for a few minutes until cold, when it is fil- 
tered ; the filtrate must not act upon test-paper, as an acid re- 
action would indicate long exposure to the air ; nor must it 
leave any residue upon evaporation upon a watch-glass, which 
would indicate either insuflicient washing, or an admixture of 
a soluble fixed compound ; a white precipitate of the filtrate, 
when tested with ammonium oxalate in one portion, and with 
a few drops of nitric acid and barium nitrate in another por- 
tion, would indicate calcium sulphate. 

Earthy Carbonates or Phof^phates. — When the sulphur 
leaves a residue on incineration, or on solution in carbon bi- 
sulphide, about 20 grains of the sulphur are digested for several 
hours, with occasional agitation, with about 3 fluid-drachms of 
a mixture consisting of equal parts of concentrated hydrochloric 
acid and water ; effervescence upon the addition of the acid 
would indicate the presence of carbonates. The mixture is 
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then filtered, and one portion of the filtrate over-eaturated witt 
Budium earbonato ; an ensuing white precipitate would indicate 
tlie i)resence of the above ailinixturea; the other portion ift 
tested with ammonium molylxlenate, a yellow coloration of 
the liquid, and after a while a yellow crystalline deposit, would' 
indii;ate phoaphates (if the sulphur he free from arsenic). 

Any admixture, except povsdered reein or pitch, which nj 
reci^nized by a sooty flame when ignited, and by their sol 
bility in strung alcohol or tther, may be qnantitatively deter- 
mined by remaining behind upon solution of a known quantity 
of tlie sulphur in carbon bisulphide, or, when caleium sulphate 
is the only admixture, by complete incineration of a weighi 
quantity of the sulphur in a tared porcelain crueihle; the 
weight of the remaining anhydrous calcium sulphate, with on*- 
fourth thereof added to make up for the loss of tlie water of 
erystallizatiou, gives tho amount of crystalline calcium sulphate 
present in the quantity of sulphur nnder examination. 

Arsenic maybe detected by triturating and digesting aboBt 
t> grains of the sulphur with half an ounce of solution of aia« 
lum sesqui-carbonate, or aqua ammonite, in a corked test- 
tube, for about one hour, with occasional agitation ; the Uqnid' 
is then passed through a filter, and a portion of the filtrate otbt'i 
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evaporated to dryness in a small porcelain capsnle ; if a residue 
remains, it is scraped off by triturating it with a few grains of 
powdered magnesite, or pumice-stone ; a few grains of potassi- 
um cyanide are added, and the mixture gently warmed so as to 
expel moisture ; it is then introduced into a reduction-tube 
and heated (Fig. 94) ; whereupon, the formation of a metallic 
mirror and the evolution of a garlic-like odor would further 
indicate arsenic. 

An admixture of starch may be recognized by examination 
of the precipitated sulphur under the microscope, or by boiling 
about 10 grains of it with 2 fluid-drachms of water, and test- 
ing the liquid with one drop of iodinized potassium iodide. 
The occurrence of a blue coloration would show such an adul- 
teration. 



STJLPHTJB ST7BLIKATX7M. 

FLORES SULPHURIS. 
Sublimed Sulphur. 

A gritty, yellow, tasteless, and odorless powder, consisting, 
when seen under the microscope, of a mixture of minute, 
smooth globules, and of rhombic-octahedral crystals. When 
heated in a dry tube, sulphur iiises at about 112° C, forming 
an amber-colored fluid, which, when heated to 240° C, becomes 
more and more thick and tenacious, until, beyond 260° C, it 
becomes thin and liquid again, and boils at 420° C, volatilizing 
in colorless vapors, which condense 6n cooling ; when heated 
with free access of air, sulphur takes tire at about 270° C, and 
slowly burns away with a pale-blue flame, forming sulphurous- 
acid gas. 

Sublimed sulphur is insoluble in water, and almost insolu- 
ble in alcohol and in ether; it dissolves to some extent in chlo- 
roform, and for the most part in carbon bisulphide,* in benzol, 

• Both the amorp/unu (spec grav. 1.96) and the prUmatie (spec. gray. 1.982, 
Auiing-point 120* C.) modifications of sulphur are almost insoluble in carbon bi- 
sulphide, while the octahedral form (spec. grav. 2.046, fusing-point 116* C.) is 
re^Uy soluble therein. Both the former yarieties pass into the octahedral form, 
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and in warm or boiling cesontial and fatty oils ; it is whoUj 
eolubte in warm liquor potaasie or sodse. 

Commercial sublimed eulphiir has generally an acid reao 
tion upon moist test-paper, and contains traces of oxygen Boida 
of sulphur, occasionally also of selenium, and frequently of 
sulpliides of arsenic, all wliicli impurities have to be eliminated 
from such sulphur as is intended for medicinal iiso (Sulpubb 
LOTUM, SuLPnuE depdeatpm) J this ia done by digesting the 
crude sublimed sulphur for a few days with very dilute aqua 
aminoniic, or wiih a solution of ammonium sesqui -carbonate 
and by euhseqiieut thorough washing with water, and drying, 

Examination : 

Waslied sulphur should not redden moist blue litmus-paper, 
nor affect the culor of water which has been sjffihtly blued witli 
litmus-tincture, when agitated with a little of the sutphni 
Warm water, when rubbed with the sulphur in a mort 
should render a liltrato which leaves no residue on evaponitifl 
on platinum-foil or on a watch-glass. 

Mineral anijijied admiMures are recognized bj r 
behind, either upon complete dissipation of the sulphur 
porcelain crucible, or upon solution of about 20 grains of 1 
sulphur in a strong boiliug solution of potasainm or sodiui 
hydrate. 

Arsenic may be detected by digesting the sublimed Bulpbai 
for several hours, with about four times its weight of a dilute 
solution of ammonium sesqui-carbonatc. This dissolves only 
the arsenic sulphides ; they may be recognized by a yellova 
precipitate, either at once or at^er a while, when a portion < ' 
the filtrato is over-aatu rated with hydrochloric acid, and byi 
yellow residue upon evaporation of the filtrate on a water-batbj 
and also by the tbrmation of a metallic mirror when this r 
due is heated in a dry reducing-tube with potassium cyanide 
(Fig. 94, page 300). 

Sdenhim may be detected by heating to boiling a mixtoi 



bIditIj at ordlniirj tempcnitur 
older Bublimed iulphur ia, the 



I 



more rapiill/ >t highar onw. Therefin^ d 
□luble 31 19 in carboD bisalphide. 
■a of both Iho ■morphou? bdi] Ibe ci 
■DodiflcalloDS of Bulphar, which appear to differ in tliolr deportment vilh 
■ad thereby also to alter tbo salubilitj of subliiuod iulphur in carbon biaoIphidcL 



SULPHUR. 363 

consisting of about one drachm of the solphnr, and a solution 
of half a drachm of potassium cyanide in one ounce of water ; 
when cool, this mixture is filtered, and the filtrate over satu- 
rated with concentrated hydrochloric acid — taking care not to 
inhale the vapors of the evolved hydrocyanic acid ; the solution 
is allowed to stand in a corked vial for about 24 hours. A 
reddish turbidity or deposit would indicate selenium. K the 
sulphur contains arsenic sulphides, they will give rise to the 
simultaneous formation of a yellow precipitate, which, how- 
ever, will appear more or less reddish in hue when selenium is 
contained in the sulphur.* 



snupHxnEtis iodidxtk. 

SULPHUR lODIDUM. SULPHUR lODATUM. 
Iodide of Sulphur, Sulphur Iodide. 

Grayish-black, flat plates, or fragments of plates, of a radi- 
ated, crystalline fracture, and the odor of iodine. Sulphur 
iodide is an unstable compound, and is readily decomposed ; 
on exposure to the air, iodine evaporates gradually ; it is also 
decomposed by boiling water, and, when heated in the air, the 
iodine passes off in vapor, and is wholly expelled, leaving be- 
hind sulphur, which burns away at a strong heat with a pale 
blue flame. 

Sulphur iodide is insoluble in water, but this takes up a trace 
of iodine ; it is soluble in about 60 parts of glycerin ; alcohol, 
as well as strong solutions of potassium iodide, or of potassium 
hydrate, deprives it completely of the iodine, leaving the sul- 
phur behind ; in this way, sulphur iodide may be examined by 
exhausting 50 grains of it with alcohol ; only 10 grains of sul- 
phur should remain behind, and, when this is divided into two 
portions, one of them should bum away at a strong heat, with 
the odor of sulphurous acid, and the other must be completely 
soluble in carbon bisulphide. 
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TXBA.TBIA. 

VERATRINUM. VERATRIUM. 

Veratria, VeraCnne. 

A white or grayiali-wbite coherent powder,or minate, efflo'] 
rescent prismatic cryetulB, withont emell, but exciting violeRfifl 
Bnecziug when admitted iuto tlie nustrik. JfealeJ upou platifl 
niiin-foil, veratria fuses into a yellow liquid, which, on cuoliaf^ 1 
eolidifics to a transparent yellowish maea ; at a 6tron{jer heaff A 
it is charred, and hurna wholly away. 

Veratria is soluhlc in three parts of cold alcohol, and iroely ^ 
in acids, in ether, and in chloroform, less so in amylic alcohol, I 
and only sparingly in cold, aa well as in boiling, water, but I 
readily upon the addition of acids. Tiie solution in diluted acida j 
has a persistent acrid, though not bitter, taste, cnnsing a sensa- 
tion of tingling, with numbueBs of the tongue. It has an alka- 
line reaction, and gives a white precipitate with tannic acid 
and with potasaio-m ere uric iodide, a brown one with iodinized 
solution of potassium iodide, and a white one witii the alkaliTie 
hydrates, insoluble in an escesa of the precipitant, but soluble 
in alcohol, etlier, and chloroform ; when concentrated sulpha* 
no acid is added to the solution of veratria, ao that heat i 
evolved, it aEsumes a purple coloration; concentrated hydr&- I 
chloric acid produces the same color, though leas intense, aa 
not without heating the mixture. 

Concentrated sulphuric acid disaolves veratria, with a yelloi 
color, which succesaively becomes orange, purple, and deep rad^ | 
or violet ; gentle heat accelerates this reaction ; concentrate<i i 
hydrochloric acid diasolvea veratria without color; the solution j 
becomea purple, however, upon heating. Concentrated nitrie I 
acid does not effect any coloration with veratria ; nor does cob- ] 
centrated sulphuric acid, when diluted with one-third its bolfe 1 
of water, produce any coloration, unless heated. 

Examination : 

Mineral or other inaol'ihle adntixturea may be readily da* 1 
tected by their insolubility in chloroform and in alcohol. 

Brucia remains behind upon solution in ether;* it may 
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also be confirmed or recognized by dissolving a little of the 
veratria in some concentrated nitric acid, diluted with an equal 
part of water ; veratria yields a colorless eolution, which, how- 
ever, will appear red when brucia is present ; the red solution 
gives way to a yellow color upon heating the test-tube by dip- 
ping it in boiling water; this yellow, however, will turn deep 
violet upon the addition of a few grains of stannous chloride 
or sodium hyposulphite. None of these color-reactions will 
take place with pure veratria.* 



ZINCZ ACETAS. 

ZINCUM ACJeTICUM. 

Acetate of Zine, Zinc Acetate. 

Colorless, translucent plates, or lamellar, rhombic prisms, 
of a pearly, unctuous lustre, flexible, and with a faint odor of 
acetic acid, which is freely evolved when the crystals are 
treated with sulphuric acid ; they contain three molecules 
(22.88 per cent.) of water of crystallization,- and are ordinarily 
permanent in the air, but efflorescent in air that is dry and 
warm. When heated upon charcoal, before the blow-pipe, zinc 
acetate undergoes aqueous fusion, solidifies again, after the 
evaporation of the water of crystallization, and emits vapors of 
acetic acid, and the products of the decomposition of the latter ; 
finally zinc oxide is left behind, yellow while hot, white when 
cold. When this residue is moistened with one drop of solu- 
tion of cobaltons nitrate, and heated to redness, it will appear 
green, after cooling. 

Zinc acetate dissolves in 3 parts of cold, and in 1^ part of 
boiling, water, and in 30 parts of cold, and about 3 parts of 
boiling, alcohol ; the aqueous solution has an astringent, me- 
tallic taste, and a slightly acid reaction, and gives only a white 
turbidity or an incomplete precipitation with hydrosulphuric 
acid, but a complete one with ammonium sulphydrate ; it forms 
white precipitates with the alkaline hydrates and carbonates, 
of which those with the hydrates, and with ammonium carbon- 
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ate. are redissolved by an excess of the precipitant, bnt these 
Boliitions are precipitated again, hy builing, if not too con- 
centrated. 

SolittioD of zinc acetate acqnires a red color, npon the addM 
tion of a few drops of dilate eoliitioD of a ferric aaJt. 

Examination : 

Metallic and earthi/ impurities are indicated by a precipU^ 
tate, when the aqneous soUition, after acidulation with acetid 
acid, is mixed with an equal volnine of hydrosiilplinric acid^l 
and allowed to etand for a few hours, and by a not quite whitsfl 
precipitate when this liquid is afterward slightly over«atiirate4l I 
with ammoninm hydrate. 

Magn^mum salU may also be recognized, in the solution of J 
zinc acetate, by mixing the latter with so much ammonium^ 
Bcpqui-carhonate as is required to rediesolve the precipitate 
Ibnned at first ; one or two drops of phosphoric acid are then 
added, and will cause a white precipitate, if magnesia be pres- 
ent. ' 

Alkaline f,^\& may be recognized by a strong alkaline reao*! 
tion, when about 10 grains of the salt are completely reduced'4 
npon charcoal, before the blow-pipe, and the residue tested withT 
moist blue litmus-paper. 



L 



ZIXCUU CnLOnATl^M. zixccm muriatictm. 
Chloride of ZiM. Zme Chlariie. 

A colorless, coherent, granular powder, or colorle^, opaqae,J 
fused rods or frafi^ments of tablets, very deliquescent t,»V 
caustic. When* heated upon charcoal or platinum-foil, 
chloride fuses at al)out 225° C, and volntilizeg, emitting thle^n 
white vapors, and leaving behind a slight coating, yellow trfaei 
hot. white when cold. 

Zinc chloride is soluble in water, glycerin, alcohol, i 
ether, giving more or less turbid, and slightly acid, Bolationa,'fl 
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which, however, become clear upon the addition of hydrochlo- 
ric acid ; the aqueoas solution is precipitated by the alkaline 
hydrates and carbonates, forming white precipitates, which, 
with the exception of those with potassium or sodium carbon- 
ate, are soluble in an excess of the precipitant ; these last sohi- 
tions may be reprecipitated either by hydrosulphuric acid or 
by boiling. The solution of zinc chloride, acidulated with 
nitric acid, yields, when diluted with water, a curdy white pre- 
cipitate with argentic nitrate, soluble in aqua ammonise, and 
it occasions white precipitates with liquids containing albumen 
or gluten. 

Examination : 

Salts. — About 10 grains of the zinc chloride are dissolved 
in 10 drops of water and two drops of concentrated hj'drocliloric 
acid ; part of this solution is dropped into strong alcohol ; an 
ensuing turbidity, or the separation of a granular salt, would 
indicate the admixture of salts insoluble or less soluble in alco- 
hol. 

Calcium chloride may be detected in the rest of the solution 
obtained in the preceding test, hy precipitating it with ammo- 
nium sesqui-carbonate, and by subsequently redissolving the 
precipitate by the addition of an excess of the reagent ; an in- 
complete solution would indicate calcium chloride. 

Sulphate may be recognized by a white precipitate in the 
diluted solution, acidulated with hydrochloric acid, on testing 
with barium chloride. 

Ma^gnesiurn and manganese chlorides may be detected, in 
the ammoniacal solution of the preceding test, after filtering, 
if .necessary, by testing it with a few drops of solution of so- 
dium phosphate ; the occurrence of a turbidity, not disappear- 
ing upon the addition of solution of ammonium sesqui-carboti- 
ate, would indicate magnesium salts, if the precipitate is white, 
and manganese salts, if it has a pale reddish color. 

Ammonium chloride (ammonio-zinc chloride) may be de- 
tected by an ammoniacal odor, and by white vapors when a 
glass rod, moistened with acetic acid, is held in the orifice of the 
test-tube, wherein a few grains of the salt are heated with a 
strong solution of potassium hydrate. 

Metallic impurities are detected by mixing a strong solu- 
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tion of the salt, rendered limpid by a few drops of hydrochloif 
acid, with twice its volume of hydrosulphuric acid; 
turbidity will occar, which must digajijiear upou further acidd 
latioQ with hydrochloric acid, and warming ; a colored preclpT 
tate would indicate metallic impurities (lead, copper, or c 
mium). If H yellow precipitate takes place, arsenic is indicated^ 
The presence of this substance may be confirmed by the occur- 
rence of a brown precipitate, when a solution of about 10 grains 
of the zinc chloride in half an ounce of conceutratcd liydj 
chloric acid is heated to boiling with about 20 drops of com 
traced solution of stauuous chloride. 



zmci ozxDxm. 

ZMCUM OSTDATPM. FL0RE3 ZIKCL 

Oiide o/ Ziue. Zint OxiiU, 

A white powder, soft and loose, inodorou!) and tasteless, n 
maining white when mixed with hydrosulphuric acid, 
heated in a dry tube or a porcelain crucible, it neither fuses nqj 
volatilizes, hut assuniea a lemon-yellow color, which disappt 
again on cooling; when the oxide Is subsequently heated ini 
mixture of equal parts of acetic acid and water, it diasolTf 
wholly and without effervescence, When moistened with o 
drop of solution of cobaltoua nitrate, and heated in the flan 
of the blow-pipe, zinc oxide assumes a green color. 

Zinc oxide is insoluble in water, glycerin, and alcohol, 
soluble in diluted acids, forming colorless solutions, which, n 
acid, are not acted upon by hydroBulphuric acid or animoniai 
Bulphydrate; when neutral, they are only incompletely j 
cipitated by the former reagent, but completely by the 1 
ter; when alkaline, they are wholly precipitated by both i 
gents. The solutions of zinc oxide form white precipitates w 
the alkaline hydrates and carbonates, of which those with .1 
fonncr, and with ammonium carbonate, are soluble in an i 
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oess of the precipitant, but thej are reprecipitated from these 
Bo1ntioD8, if not too concentrated, by boiling. 2^nc oxide is, 
therefore, soluble in concentrated solutions of the alkaline 
hydrates (when free from carbonates), and of ammonium car- 
bonate. 

Zinc oxide absorbs carbonic acid slowly from the atmos- 
phere. 

Exainination : 

SulphcUes and Chlorides. — About one drachm of the zinc 
oxide is agitated for a few minutes with about one ounce of 
boiling water, and subsequently filtered ; a few drops of the 
filtrate, evaporated upon platinum-foil, should leave no residue ; 
nor should the filtrate, after the addition of a few drops of nitric 
acid, give any reaction with barium nitrate or with argentic 
nitrate. 

Carbonates and SalU of Aluminium^ and Alkaline Earthy 
Svlphates and Phosphates, — The oxide left on the filter in the 
preceding test is dissolved, with the aid of heat, in about half a 
fluidounce of acetic acid diluted with an equal volume of water ; 
effervescence would indicate carbonates, and an insoluble resi- 
due, aluminium salts or calcium or barium sulphates (zinc 
oxide prepared in the dry way generally leaves a small gray 
residue, consisting of minute particles of metallic zinc, readily 
soluble in hydrochloric or nitric acid) ; the solution is filtered, 
if necessary, and is then slowly over-saturated with aqua ammo- 
niffi ; the ensuing white turbidity must disappear upon the 
addition of an excess of the reagent ; a remaining turbidity 
would indicate earthy phosphates. 

Calcium and Magnesium. — The ammoniacal solution of the 
preceding test is filtered, if necessary, and is tested in separate 
portions with ammonium oxalate for calcium, and with a few 
drops of diluted phosphoric acid for magnesium ; a white tur- 
bidity, not disappearing upon additioti of aqua ammonise, will 
indicate calcium with the first and magnesium with the latter 
reagent. 

Arsenic and Cadmiwm, — The rest of the ammoniacal solu- 
tion is mixed with twice its volun^e of hydrosulphuric acid ; a 
white precipitate should occur, which disappears upon over- 
saturation with hydrochloric acid and gentle warming ; a slight 

24 
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remaining precipitate, yellow or pale bruwn, wotild ku 
anenic or cadmiom. 

If each a reaction ukes place, so mnch of the precipitate 
may be obtained as to collect it npon a small filter ; it is washed 
witb a little bydro^nlpliaric acid, and Eabsequently with water, 
and is then treated apon tbe filter with a few drops of a wann 
strong BolntioQ of ammoniom eetsqui-carbonate ; arsenic eal- 
phtde is dissolve)], and mav tie reprecipitated in the solution by 
over- saturating it with hrdrochloric acid diluted with come 
IiY<lrosalpharic acid. Cadminm sulphide remains andiesotved 
npon tlte filter, and may be recognized by a red-brown coating 
of tbe coal, when heated with a little exsiccated sodiam ca^ , 
bonate npoo charcoal before the blow-pipe (Fig. 95). 




As a cunfirmatoiT test for arBenic, or to detect a minni 
quantity of it, about 10 grains of the oxide may be dissolTi 
in half an oaace of oonceotnted hydrochloric acid, and, after 
the addition of SO drops of concentrated solution of stannous 
chloride, heated to boiling; a brown turbidity wonld confinaH 
the preaeooe of arsenic 
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ZINrrH STLPHURICFK. 
Sulplatt ffZine. WliU i'ttrifL Zint SvtpkaU. 
Colorless, transparent rhombic prisms, containing 'i 
ieules (48,89 per cent.) of water of crretallization, of n 
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molecules evaporate at common temperature in drj air, with 
efflorescence of the salt, while the remaining one does not 
separate below 220*^ C. When heated, zinc sulphate under- 
goes aqueous fusion, and becomes soh*d again after the evapo- 
ration of the water ; at a stronger heat, it is decomposed, sul- 
phurous acid and oxygen being evolved, and zinc oxide remain- 
ing behind ; when this is moistened with one drop of solution 
of cobaltous nitrate, and heated again to redness, it assumes a 
green color (magnesium sulphate, when similarly treated, gives 
a reddish coloration, alum a blue one). 

Zinc sulphate is readily soluble in water, 100 parts of which 
dissolve at 10° C. 138 parts, at 20° C. 161.5 parts, and at 100*" 
C. 65dw5 parts, of the crystallized salt ; it is soluble in about 
three parts of glycerin, and in an excess of the solutions'of the 
alkaline hydrates, but it is little soluble in strong, and not 
at all in absolute, alcohol ; the aqueous solution reddens blue 
litmus-paper and has a metallic styptic taste, remains color- 
less with solution of tannic acid, and gives a copious white 
precipitate with highly diluted solution of barium chloride. 
Its deportment with reagents is the same as described on 
page 368. 

Ezamixiation : 

Metallic Impurities. — A concentrated solution of zinc sul- 
phate is slightly acidulated with a 'few drops of diluted sul- 
phuric acid, and added to about three times its* volume of 
hydrosulphuric acid; no. turbidity or coloration should take 
place; aqua ammonise is then added in a slight excess, and 
must produce a perfectly white precipitate ; or otherwise me- 
tallic impurities (copper, lead, cadmium, iron, arsenic) are indi- 
cated. 

The same test may serve to distinguish at once magnesium 
sulphate from zinc sulphate ; these substances, being isomor- 
phous and of a similar appearance, are liable to be taken one 
for the other ; solution of magnesium sulphate is not acted 
upon by hydrosulphuric acid, nor by ammonium sulphydrate. 

Alkaline and Earthy Sulphates. — A solution of 20 grains 
of zinc sulphate in al)Out 3 drachms of water is mixed with a 
solution of 30 grains of crystallized plumbic acetate in half 
an ounce of water ; after repeated agitation, the mixture is fil- 
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tered, anJ the filtrate completely precipitated with hydroBal- 
phuric acid ; this mixture is also filtered, and the filtrate e 



Q-Ml ; if 



any 



e miMt I 

such I 



n platiR 

it earthy sulphates is indi^i 



leave no residue upon evaporatic 
remains, the presence of alkalin 
Gated. 

Magnesium and aluminium eulpkatea are indicated l>j ft 
white insoluhle residue, when the solution of the salt la pre- 
cipitated by ammonium hydrate, and the precipitate redissolved 
in nil excess of the precipitant. 
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ZIKCDH VALERIAKICUU. 

VaUrianata ^ Zina. Ziae Valerianate. 

Anhydrous, white, pearly lamellar crystals,* somewTiaOm^^ 
tnoiis to the touch, nfid with a feeble odor of valerianic acid. 
When heated, they fuse at 140° C, and decompose at a higher 
temperature, with the evolution of white, inflammable Tapors, 
finally leavinfj behind zinc oxide (about 30 per cent.), whichj, J 
when moistened with a drop of a solution of cobaltoua nitrsta^^ 
and reheated to redness, becomes green. 

Zinc valerianate dissolves in 90 parts uf cold, and 40 partsi 
of boilinfT, water, and In 60 parts of cold, and 17 parts of boil- 1 
ing, alcohol, of a spec. grav. of 0.835 ; it is also soluble in gly* , 
cerin, and in an excess of aqua ammonite, but only sparingly J 
in ether or chlorcforra. Its solutions redden blue litmua-papeif j 
and become turbid upon warming, but clear again on cooling;' 
it is also readily soluble in diluted acids, hut with decompoai-a 
tion, and consequent tnrbidity from the elimination of the < 
lerianic acid, which gradually collects as an oily stratum upon'l 

■ Somrtimci ■ hydrileil line Tilcrimate ib met with, obtained bv miiing eqai*a 
lent quantltliM of TalcrUnic-srid hfdrato uid rmhly-prMlpiUlcd line orbanaU 
with m inull amount of vaUr, lo aa to form a paste, and by subsequent ctiic«Mtiw 
Bt a eentle beat ; It form] a whitilh powder, and baa the aome )>TOpcrIiea and nH 
tiona as the cryntallizisd anbjdmus nalt, eiccpl tb.il it contains 44 per caiL oT wfc] 
ter, anil i* tnnre snbible in siter, gljcario, and alcobul ; from iu solution, Ibc aiib|w ^ 
dnnu aall crrRalliici. 
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tlie aqueons Bolution ; an addition of aqua amraoDicB at first in- 
creases the turbidity, but, when added in cxcesBj loraiB a clear 
BoUition. 

The deportment of solutions of zinc valerianate with re- 
agents, after the elimination of the acid hy hydrochloric or snl- 
phiiric acids, is the same as described on page 368. 

Exunination : 

Zinc acetate maj- he detected hy agitating a little of the 
triturated zinc valerianate, in a test-tube, with about two 
drachms of cold water, and adding to the filtrate one or two 
drops of ferric chloride; the liquid, if necessary, is filtered 
again, and must appear almost colorless ; a reddish tint would 
indicate acetic acid. 

Tartaric and Oxalic Adda, and Magnesium and Calcium. 
— The undissolved valerianate of the preceding test is rinsed 
through the broken filter into a test-tube, and is agitated with 
a sufficient quantity of aqua ammonise ; a complete solution 
must take place, which may be tested, in separate portions, with 
Boltition of calcium chloride for oxalic and tartaric acids, and 
with ablution of sodium phosphate for calcium and magnesium 




■alts; a white precipitate, in either cace, will indicate one or 
other of the aliove admixtures. 

Boracic acid may be detected by triturating a, little of the 
Bait with a few drops of alcohol, and by igniting and bnming 



374 MANUAL OF CHEMICAL ANALYSES. 

the mixture, with stirring : a green coloration of the flame, 
especially toward the termination of the ignition, would indi- 
cate boracic acid. 

Butyric Add. — About one drachm of the salt is triturated, 
and added, in a small flask, to a mixture consisting of 100 
grains of concentrated sulphuric acid and 100 grains of water ; 
the mixture is submitted to distillation at a gentle heat (Fig. 
96), until about half a drachm of distillate is obtained ; this is 
agitated with a little concentrated solution of cupric acetate, 
which should not immediately aflect the transparency of the 
liquid, but it forms, after a while, oily drops of anhydrous cu- 
pric valerianate, which, after from 5 to 20 minutes, pass into a 
greenish-blue crystalline deposit of hydrated cupric valerianate. 
If, however, the salt consists mainly or wholly of butyrate, the 
transparency of the liquid would at once be impaired by the 
formation of a crystalline precipitate. 
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or ELEHEHTABT BODIES, WITH THXIB ATOMIC STHBOLS ABD WEIGHTS. 



VAXX. 


Atomia 
ajmboL Waight. 


VAXZ. 


Atomie 
SymboL Waight. 


Hydrogen 

(SUodard unityX 


H 


1 


Lead, 

• 


Pb 


207 


AlxiTnininm, 


Al 


27.4 


Lithiunv 


Li 


7 


Antimony, 


Sb 


122 


Magnesium, 


Mg 


24 


Arsenic, 


As 


75 


Manganese, 


Mn 


55 


Barium, 


Ba 


137 


Mercury, 


Hg 


200 


Bismuth, 


Bi 


210 


Molybdenum, 


Mo 


06 


Boron, 


Bo 


11 


Nickel, 


Ni 


58.8 


Bromine, 


Br 


80 


Nitrogen, 


N 


14 


Cadmium, 


Cd 


112 


Oxygen, 


O 


16 


Calcium, 


Ca 


40 


Phosphorus, 


P 


31 


Carbon, 


C 


12 


Platinum, 


Pt 


107.4 


Cerium, 


Ce 


02 


Potassium, 


K 


30.1 


Chlorine, 


Cl' 


S5.5 


Selenium, 


Se 


70.4 


Chromium, 


Cr 


62.2 


Silicon, 


Si 


28 


Cobalt, 


Co 


58.8 


Silver, 


Ag 


108 


Copper, 


Cu 


63.4 


Sodium, 


Na 


23 


Fluorine, 


F 


10 


Strontium, 


Sr 


87.6 


Gk>ld, 


Au 


107 


Sulphur, 


S 


32 


Iodine, 


I 


127 


Tin, 


Sn 


118 


Iron, 


Fe 


56 


Zinc, 


Zn 


65.2 
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■ 


T A BX.E 


1 
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^^M rOK CONVEQTINQ DEGREES OF THE CEyTIGBADE TtlEKMOMBTEB UTTO ^^| 


I 




DEQEEES OF FAUKENHElTa 8CAI-E. 




1 


^^M Cent 


F.fcr. 


cm. 


FJit. 


Ctnl. Fihr. 


C..L 


Plhr. 


^H 


— 40°0 


+ J° 


+ 33'.8 


+43° +10T?e 


+ 88° 


+lBl!4 


^H 




2 


35.6 


43 10B.4 


84 


less - 


^H —38 


-3B.4 




ar,4 


44 ni.3 


85 


lesjj. 


^B 


-34.6 




39.3 


46 113.0 


86 


166J 


^H 






41.0 


48 114.8 


87 


1S8L« 


^^1 


—81.0 




42.8 


47 iie.6 


SB 


IMU 


^H 


-29.3 




44.6 


48 118.4 


69 


192.1 , 


^^B 


-27.4 




48.4 


49 120.3 


SO 


194.0 


^H 






48.2 


GO 122.0 


91 


195.8 


^H 


-2318 




50,0 


61 133.8 


93 


I»T.« ' 


^H 






B1.8 


63 135.6 


98 


199.* 


^H 


—211.3 




63.6 


63 137.4 


94 


301.* 


^H 


— 18,4 




66.4 


64 129.2 


95 


2oa.a 


^H 


-1B.8 




57.2 


65 131.0 


96 


804.8 


^H 


— 14.8 




E9.0 


66 132.8 


87 


30fc« 


^^B ~25 


-13.0. 




60.8 


67 134.6 


08 


S0S.4 


^^H „24 


-11.3 




62.6 


58 136.4 


90 


S10.S 


^H 


- 8.4 




64.4 


69 188.2 


100 


218.0 


^^H 


— 7.6 




66.2 


60 140.0 


101 


S1S.8 


^^H —21 


— 5,8 




88.0 


61 141.8 


109 


216.6 ' 


^H 


- 4.0 




69.8 


63 143.6 


103 


217.* 


^H —19 


— 2.3 


23 


71.6 


63 146.4 


104 


218.2 


^^B —18 


- 0.4 


23 


r8.4 


64 H7.2 


105 


221.0 


^H —17 


+ '■* 


34 


76.3 


66 149.0 


106 


329.8 


^H 


B.3 


2S 


n.o 


68 150.8 


107 


224.S 


^■ft —16 


CO 


36 


78.8 


67 152.8 


108 


236.4 


^^ft 


e.8 


3T 


80.8 


68 154.4 


109 


226.S 


^H 


B.e 


28 


82.4 


69 i56.a 


110 


23aA 


^^H —12 


10.4 


29 


84.3 


70 158.0 


111 


231.8 


^H 


12.2 


30 


86.0 


71 15B.8 


112 


2»a.a 


^H —10 


14.0 


31 


87.8 


73 161.8 


118 


SS6.4 


^^m 


16.6 


82 


89.8 


73 163.4 




2OT3 ' 


^^M 


1T.8 


33 


91.4 


74 165.3 


115 


389^ 


^^1 — 


1B.4 


34 


93.2 


75 187.0 




240.8 


^H 


21.2 


85 


95.0 


78 168.8 


117 


243.1 


^^1 


23.0 


36 


98.8 


77 170.6 




244.4 


^^1 


34.8 


3T 


B8.8 


7S 173.4 




240.2 


^H 


26.8 


8S 


100.4 


79 174.3 


ISO 


948.0 


^^B 


28.4 


39 


io2.a ■ 


80 176.0 


121 


249.8 


^^n — 


80.8 


40 


104.0 


81 177.8 


122 


S5t.« 


^H 


83.0 


41 


105.8 


93 179.6 


138 


268.4 


1 ^ 
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Cent 


Fahr. 


Cent 

1 


Fahr. 


Cent 


Fahr. 


Cent 


Fahr. 


+ 124 


+ 256'.2 


+ 176** 


+ 348!8 


+ 228" 


+442^4 


+ 280" 


-f-586!o 


126 


257.0 


177 


850.6 


229 


444.2 


281 


537.8 


126 


258.8 


178 


352.4 


230 


446.0 


282 


539.6 


127 


260.6 


179 


354.2 


281 


447.8 


283 


541.4 


128 


262.4 


180 


356.0 


232 


449.6 


284 


543.2 


129 


264.2 


181 


357.8 


233 


451.4 


285 


545.0 


180 


'266.0 


182 


359.6 


284 


453.2 


286 


546.8 


181 


267.8 


183 


361.4 


235 


455.0 


287 


548.6 


182 


269.6 


184 


363.2 


286 


456.8 


288 


550.4 


138 


271.4 


185 


365.0 


237 


458.6 


289 


552.2 


134 


278.2 


186 


366.8 


238 


460.4 


290 


554.0 


185 


275.0 


187 


368.6 


289 


462.2 


291 


555.8 


136 


276.8 


188 


370.4 


240 


464.0 


292 


557.6 


187 


278.6 


189 


872.2 


241 


465.8 


293 


559.4 


138 


280.4 


190 


874.0 


242 


467.6 


294 


561.2 . 


139 


282.2 


191 


875.8 


243 


469.4 


295 


563.0 


140 


284.0 


192 


877.6 


244 


471.2 


296 


564.8 


141 


285.8 


193 


379.4 


245 


473.0 


297 


566.6 


142 


287.6 


194 


881.2 


246 


474.8 


298 


568.4 


143 


289.4 


195 


383.0 


247 


476.6 


299 


570.2 


144 


291.2 


196 


384.8 


248 


478.4 


300 


572.0 


145 


298.0 


197 


386.6 


249 


480.2 


801 


573.8 


146 


294.8 


198 


888.4 


250 


482.0 


302 


575.6 


147 


296.6 


199 


890.2 


251 


483.8 


303 


577.4 


148 


298.4 


200 


392.0 


252 


485.6 


804 


579.2 


149 


300.2 


201 


398.8 


253 


487.4 


305 


581.0 


150 


802.0 


202 


395.6 


254 


489.2 


306 


582.8 


151 


803.8 


203 


397.4 


255 


491.0 


807 


584.6 


152 


805.6 


204 


899.2 


256 


492.8 


808 


586.4 


153 


307.4 


205 


401.0 


257 


494.6 


809 


588.2 


154 


309.2 


206 


• 402.8 


258 


496.4 


310 


590.0 


155 


811.0 


207 


404.6 


259 


498.2 


311 


591.8 


156 


812.8 


208 


406.4 


260 


500.0 


312 


598.6 


157 


314.6 


209 


408.2 


261 


501.8 


318 


595.4 


158 


316.4 


210 


410.0 


262 


503.6 


814 


597.3 


159 


818.2 


211 


411.8 


263 


505.4 


315 


599.0 


160 


820.0 


212 


413.6 


264 


507.2 


316 


600.8 


161 


321.8 


213 


415.4 


265 


509.0 


317 


602.6 


162 


323.6 


214 


417.2 


266 


510.8 


318 


604.4 


163 


325.4 


215 


419.0 


267 


512.6 


319 


606.2 


164 


327.2 


216 


420.8 


268 


514.4 


320 


608.0 


165 


329.0 


217 


422.6 


269 


516.2 


330 


626.0 


166 


330.8 


218 


424.4 


270 


518.0 


840 


644.0 


167 


332.6 


219 


426.2 


271 


519.8 


350 


662.0 


168 


334.4 


220 


428.0 


272 


521.6 


860 


680.0 


169 


336.2 


221 


429.8 


278 


528.4 


370 


698.0 


170 


838.0 


222 


431.6 


274 


625.2 


880 


716.0 


171 


339.8 


223 


433.4 


275 


527.0 


390 


784.0 


172 


341.6 


224 


435.2 


276 


528.8 


400 


752.0 


173 


343.4 


225 


437.0 


277 


530.6 


410 


770.0 


174 


345.2 


226 


438.8 


278 


532.4 


420 


788.0 


175 


847.0 


227 


440.6 


279 


534.2 


430 


806.0 



TABLE 



lOB COXVEBTINa TBOT-WEIOUTS INTO UETEIC WEIOHTO. 



1 


_ 


i 


OnaiHi. 


1 


OnmiDM. 


1 


— 


1 


0.0643 


SO 


1.9438 


69 


8.8238 


88 


6,701T 


a 


0.1208 


81 


2.0086 


60 


8.8976 


89 


6.76S4 


3 


0.1 B43 


33 


2.0783 


61 


8.9528 


90 


6.8818 


* 


0.2591 


■83 


3.1881 


62 


4.0171 


91 


6.8060 


S 


0.n339 


34 


2.3030 


68 


4.0819 


98 


0.9009 


6 


0.3887 


85 


2.2679 


64 


4.1467 


93 


0.0267 " 


7 


0.4BS5 


36 


2.3826 


65 


4.21 U 


94 


B.00M 


8 


0.5183 


3T 


8.3978 _ 


66 


4.2762 


96 


0.1668 


9 


0.5831 


SB 


2.4620 ' 


67 


4.3410 


90 


6.8300 


10 


0.0479 


39 


S.52U9 


68 


4.4059 


97 


6.SS49 


11 


0.7128 


40 


2.6917 


69 


4.4707 


98 


0.8497 


IS 


0.7775 


41 


2.6534 


70 


4.6354 


99 


B.4144 


IS 


0.8423 


42 


2.7212 


71 


4.0002 


100 


0.479 1 


U 


0.9070 


43 


S.78S0 


72 


4.6650 


120 


7.7750 


15 


0.9719 


44 


2.8509 


73 


4.7299 


150 


9.7186 


IB 


1.0397 


45 


2.9157 


74 


4.7947 


180 


11.6636 


17 


1.1014 


46 


2.S904 


176 


4.8593 


SOO 


18.9663 


16 


i.ieas 


47 


8.0453 


70 


4.9241 


£40 


16.6000 


19 


1.2310 


48 


8.1100 


77 


4.9890 


SOO 


19.4876 


80 


I.39S9 


49 


8.1749 


78 


B.0688 


360 


83.3860 


SI 


I.3fl07 


60 


8.2395 


79 


6.1185 


400 


26.9168 


sa 


1.(354 


61 


3.3043 


60 


6.1883 


480 


31.1003 


»8 


1.4902 


63 


3.3691 


81 


6.2481 


60O 


33.8900 


S4 


1.6550 


63 


8.4340 


88 


6.8130 


600 


38.8751 


26 


1.6198 


54 


8.46B8 


S3 


6.37T9 


700 


46.364X 


98 


1.6845 


66 


8.6680 


M 


S.4436 


SOO 


61.6335 


ST 


1.7493 


66 


S.62S4 


SS 


6.6073 


900 


66.3128 


W 


1.81 41 


67 


8.6981 


86 


5.5721 


900 


03.300S 


t» 


1.8790 


69 


8.7580 


67 


6.6870 


1000 


M.7M0 



tf^ 



I 



i 
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FOB C OBVEKTia O UETEIO WSIGHTS INTO TKOT-WEIOITTB. 





ElUTI 






KlACI 


A™™xt. 






&IC.TAL. 












EqciTxum 


T»l-»B 


™. 




Eflurf*t«m 


l«.T.wi™«n. 


i 


°— 


1 


1 


1 


1 


1 


.1 


1 


1 


1 


j 


0.01 


0.1543 


_ 


- 


_ 


» 


12.0 


186.208 






_ 


01 


0.03 


0.3030 


- 


_ 


- 


» 


13.0 


200.643 


- 






» 


0.03 


0.4630 


- 


- 


- 


A 


14.0 


216.076 


- 






IB 


O-M 


0.C1T3 


- 


- 


- 


A 


15.0 


231.610 


- 






111 


0.06 


0.7717 


- 


_ 


_ 


i 


10.0 


240.944 


- 






•A 


0.06 


0.9280 


- 


- 


- 


A 


17.0 


262.378 


- 






21 


0.07 


1.0303 


- 


_ 


_ 


1 


18.0 


277.813 


_ 






m 


0.08 


1.2347 


- 


- 


- 


11 


19.0 


293.240 


_ 






131 


0.09 


1.3800 


- 


- 


- 


U 


20.0 


308.080 


- 






8A 


0.1 


1.643 


_ 


- 


_ 


n 


91.0 


324.114 


- 






4,', 


0.3 


3.080 


- 


- 


- 


8 


22.0 


339.548 


- 






lot 


0.3 


4.630 


- 


- 


- 


41 


23.0 


354.082 








IK 


0.4 


0.173 


- 


_ 


_ 


•4 


24.0 


3T0.410 








10| 


0.5 


7.717 


- 


- 


- 


If 


25.0 


385.850 


- 






5) 


0.G 


9.260 


- 


- 


- 


01 


20.0 


401.284 


_ 






lA 


0.7 


10.603 


- 


- 


- 


lOi 


2T.0 


410.718 


- 






lOA 


0.S 


12.347 


- 


_ 


- 


12k 


28.0 


432.163 


- 






121 


0.9 


13.e») 


_ 


- 


- 


14 


29.0 


447.680 


- 






H 


1.0 


16.434 


- 


_ 


- 


lot 


30.0 


463.090 


- 






3 


S.0 


30.809 


- 


- 




101 


81.0 


478.454 


- 






11 


8.0 


46.303 


- 


- 




01 


32.0 


493.888 








131 


4.0 


01.736 


_ 






If 


40.0 


617.300 






_ 


17! 


6.0 


77.170 


- 






in 


46.0 


694.530 








101 


6.0 


92.fl04 


- 






121 


50.0 


771.701 








"A 


7.0 


108.03S 


- 






8 


eo.o 


926.041 








- 


8.0 


123.473 


- 






H 


70.0 


1080.381 








A 


9.0 


138.900 


- 






Iff, 


80.0 


1234.721 








l^ 


10.0 


154.340 


_ 






141 


90.0 


1388.003 






- 





11.0 


109.774 


- 






»» 


100.0 


1543.403 




' 


= 


»A 



INDEX. 



Cllie Latin names are in Italiet.) 



A. 

Acetate of ammonium, solution of. . 245 

copper 188 

iron, solution of 247 

lead 278 

morphia 271 

potassium 286 

sodium..., 829 

zinc 865 

Acetic acid 69 

ether 116 

Acdum 67 

plMmbicum 251 

Aci^ acetic 69 

arsenious 78 

benzoic. 75 

boracic 78 

boric 78 

carbolic 78 

chromic 80 

citric 80 

gallic 82 

hippuric 76 

hydrochloric 88 

hydrocyanic , 88 

hydrosulphuric (as reagent). ... 22 

indigo-sulpburic (as reagent). . . 21 

lactic 90 

muriatic 88 

nitric 91 

oxalic 96 

phenylic 78 

phosphoric. . .^ 96 

succinic .....* 102 

sulphuric 104 

tannic 109 

tartaric 110 

valerianic *. Ill 



Acids, volumetric estimation of . . . . 61 

Acidttm^ aerticum 69 

ar»enico9}^m 73 

bennictim 76 

boraeieum 78 

boricum 78 

carbolicum 78 

dirwrnicum 80 

eitricum 80 

paiiicum 82 

hydrochlorieum. . « 88 

hydrocyanieum 88 

h}tdrocyanatum 88 

laeiicym 90 

muriatieum^ 88 

nitricum 91 

oxaiicum % . . . . 96 

phenylicum 78 

pho^phoriewn 96 

tueeinieum 102 

nUphuriaun . . . .* 104 

(annieum 109 

tartarieum 110 

valerianicum Ill 

Aconitia 118 

AeonWnum 1 18 

Aerugo 188 

AeUur, 114 

aedieua 116 

Aethiop$ martialia. 211 

Albumen (as reagent) 82 

Alcohol 118 

amylic 122 

ethylic 118 

phenic 78 

Aleohoi amylicum 1 22 

tulphurijt 1 78 

Algaroth's powder 246 

Alkalies, volumetric estimation of. . 68 



1 


384 

AlW»nel-p«p*r 

Almonds, oil ol" bltief 

water of bitter 

Ahun 

Inai 

Atutna, 

Alumina tt Ammofiii ailfjuu 

itFcU»»iimtlplu>t 


I 

m 

83 

. 271 

US 

. 1!S 

SOS 

. 1!S 

m 
isa 

124 
124 
19* 

240 
142 
IBS 
201 
) 86 
240 
214 
249 
124 
12G 
ISS 
127 
128 
127 
J2B 
130 
131 
201 
198 
301 
Ml 
902 
208 
MO 
34B 
124 
12B 
128 
127 
14B 
1!B 
IBB 

aa 
jao 

iss 

23 
ISI 

125 
ISS 
127 
801 
ISS 
127 
201 
ISB 
180 
181 
122 
22 


^^^^^H 






tiJp^Mrfttan ••iffrum ^ IM^^^I 

oilde 1*^^H 

ozj-chloride. MC^^^I 

oiT-aulphide Iflt^^l 

, yphWe '^H 




AmidDMjhloride of mercarr 




msBncaium sulphate ^u reogen 
pjrophosphite of iron 


baaoai 












nitrai 

Sst.;;.vv;::::::;:;: 

Ammonio-i^hloriae of Iran 

■cuprio sulphate 

-ferric chloride 

-rerric dtnte. 

-feiTie anlphate 


aulpfaideof. IMj^^H 




cAloH ^^^1 

(fo^te ■ ?^^H 


•mercuric chloride. 

benio»lc 

bromide 

eirbomte >. 

ehloride 

hjdnte, wlutlon of. 

iilide. V 










■odlnm V^^^ 


itM Tor, Sittmlatf'i 1|^^H 

ffa^'i. M^^H 

ManX't. M.^^H 

A«nirA-j 4^^H 


o«I»[B (*■ reagent) 

phosphste 

«eequi*«rbonBte 

Bnlphjdnle (u rcigcnl) 

TaleriiDHle 


Anminim album 1*^^H 


Araenioua scid TV^^^H 




Atropia I'^^^H 

AlTopianlpluu IBf^H 


Moratum 

iodalvm... 


nUrieum 




Amylic ali'ohol 

Aniline aulpbate (m rengeat) 


Bariam chloride IW^^H 

bjdralc (u mgeut). fli^^B 



INDEX. 



3S5 



Barium nitrate (as reagent) 27 

. Baryta muriaiica 166 

Baryum chloratum 156 

Beuzoate of ammonium 124 

Benzoic acid 75 

Bibasic phosphate of iron 213 

Biborate of sodium 331 

Bicarbonate of potassium 286 

sodium 332 

Bichloride of mercury 225 

Bichromate of potassium 287 

Biniodidc of mercury 229 

Bismuth and ammonium, citrate of. 157 

carbonate of 158 

nitrate of 169 

valerianate of 164 

Bifmuthi tt amttionii citrxu 167 

carbonas 168 

tulmiiras 169 

valerianas 1 64 

. Bismutbous caibonate 168 

nitrate 159 

Talerianate 164 

Bitmuthum album 159 

et ammonium cUricum 157 

carbonicum 168 

tubnitricum 159 

valerianicum 164 

Bisulphide of carbon 173 

Bisulphurct of carbon 173 

Bitartrate of potassium 288 

sodium (as reagent) 26 

Bitter almonds, oil of 274 

water of 146 

Black oxide of copper 189 

iron 211 

manganese 262 

Bleaching-powder 170 

Blue, Prussian 206 

vitriol 191 

Boracic acid 78 

Boric acid 78 

Borax 331 

Bromide of ammonium 125 

potassium 290 

Bromides, distinction from chlorides 

and iodides 125,291 

Bromine 165 

Brominium 1 65 

Bromum 165 

Burettes ^ 55 

Butter of antimony 246 

Butyram anlimonii 246 

C. 

Ccdmii ftulphag 167 

Cadmium sulphate 167 

Cadmium sulphur icum 1C7 

Calcaria carbonica praecipitaia 167 

chloraia 170 

hypochiorota 170 

25 



CaJcaria photphorica 169 

Caleii carbonas praecipiia 167 

hypophosphis 168 

phosphas praecipitaia 169 

Calcined magnesia 258 

Calcis carbonas praecipitata 167 

hypophosphis 168 

liquor 247 

phosphas praecipitata 169 

Calcium carbonate 167 

hydrate, solution of. 247 

hypochlorite 170 

hypophosphite 168 

phosphate 1 C9 

Calcium carbonicum 167 

hypochlorosum 170 

hypophosjAorosum 1 68 

pho^horieum 169 

Calomel 226 

Calx chlorata 170 

cJdorinata 170 

Carbolic acid 78 

Carbon bisulphide 173 

bisulphurct, of. 173 

Carbonate of ammonium 126 

bismuth 158 

calcium 167 

iron 214 

iron, saccharated 197 

lead 279 

lithium 256 

magnesium . 259 

potassium, crude 292 

potassium, purified 294 

potassium, pure 296 

sodium 334 

CarbouH sulphuretum 173 

Carhoneum sulphuraium 173 

Centimetre . 62 

Cerii ozalas 174 

Cerium oxalate 174 

Cerium oxalatum 174 

Cerussa 279 

Chalk, precipitated 167 

Chili saltpetre 343 

Chinoidinum 326 

Chininum 312 

hydrochloratum 319 

hydrochloricum 819 

«ii//)Aurict/m '..... 320 

taunicum 324 

valerianicum 325 

Chloral alcoholatc 176 

hvdrate 175 

CJdorali hydras 175 

CIdoralum hydratum crystallisatvm . 175 

Chlorate of potassium 297 

Chloride of ammonium 1 27 

antimony 246 

barium 1 56 

iron 198 
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UO 

SM 1 

SOT 

S08 
SOS 
90S 
210 
SIl 

til 

198 
H« 

aio 

311 

S13 
S14 
lU 

s« 

SIS 

M9 
&<9 

311 
347 
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^^1 Einc. 3e« 

^^H Ohloridcih didtiQction from bromidca 
^^H uiliodides 30S,»a 

^^H Ohtoriae vitcr. 147 


Dimlri>giilphidcofiroii(iui reagent). 
Diililled »«ter, 




E. 

syiobola and weights 

EwetU .* 


^H ChromicicU 

^^H OncbauB-bark, GJtimatioD of. 


.... 80 
.... 813 


^^m Viitdkmia lalp/uu. 


■••■ISiiCr:^;::;:::;::::;;;;;:;; 


^^H UiDQibar UH6 

^^M Oitnteofbuiuatbudtnimoiiiam.. IS? 
^^M iron SOO 




ethjUc 


^^H iron &nd qaiDJa 

^^H Kibinn, 

^^H atriaiicid 

^^1 Oodew 

^B Coffei* 


.... SM 
.... 867 
.... 80 
182 

'.'.'.'. 188 


Kthjl iceUlc 

nitrite 


oxide 


P. 

Fehlmg-s eolutioD (u roigoDt) 

artnioM 


^^M UolcbieU 1S4 






^^m OoDia 

^H OxiMXtOM 

^H Copper, tocMte Of 


.... 1B5 
. .. IBS 
.... 188 
.... 1»3 




dttaridun^ . . . 




H «m,n»mi (NoridmH. 






>( ammotui t.Jpha* 


^^1 gulphatf of. 
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^^1 CVfoMfiim 
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^^H C^wnfam 


188 
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Ferric nitrate, solation of 248 

oxide 214 

pemitrate, solution of. 248 

P3fTopho8phate 218 

sulphate, solution of 249 

valerianate 217 

Ferricyanide of potassium (as reagent) 25 

Ferri-ferrocjanide 206 

Ferrocyanide of potassium. 301 

Ferrous carbonate 214 

carbonate, saccharated 197 

ferric araenlate 196 

ferric bjdrate 211 

ferric phosphate 212 

iodide 208 

iodide, saccharated 208 

lactate 209 

sulphate 215 

sulphate (as reagent) 27 

Ferrum, 218 

artenicum, 196 

airhouieum taecharatum 197 

cUrinim 200 

eUrieum ammoniatum 20 1 

€i afnnwnium ddoratum 201 

e^ ammonium citricHm 201 

et ammonium sulphur icum 20*2 

et ammonium tartar icum 203 

et chininum cUricum ^04 

Hpotauium tartaricum 204 

ferroc}tanaium 206 

hydricum 214 

ftifpnphosphoromm 207 

iodatum 208 

iodatum taecharatum, 208 

ladicHm 209 

oxydatum ftucum 214 

oxydaium rubrum 210 

oxydulato-oxydntHm 211 

oxyduiaio - oxydatum pfuntphori- 

cum '. 212 

phosphoricum 212 

pulvfratitm 218 

pyrophoephoricum 213 

pyropho§phoricum cum ammonia 

citrico 214 

redadum 218 

reductum 218 

teaguirchhralum 198 

tubcarbonicum 214 

mlphuricuin 216 

tutphuricum oa^fdaium ammo- 
niatum 202 

tartaricum ammoniatum 203 

valerianicum 217 

Flora aniimonii 134 

bfnzoct 75 

tulphurit 361 

xinei 368 

Fowlcr*8 solution 254 

Fuael-oil 122 



G. 

Gallic acid 82 

GeUtin (as reagent) 82 

Glacial acetic acid 69 

phosphoric acid 96 

Glauber*s salt 347 

Glycerin 221 

Olycerinum 221 

Golden sulphur 140 

Gramme 52 

Guaranine 188 

H. 

Hepar ntlp^iuris, 310 

Hippuric acid 76 

Hydrargyri biehloridum 225 

. efiioridum corronvum 225 

chioridum mite. 226 

eyanidum 228 

iodidum ruhrum 229 

iodidum viride 231 

nitratiSy liquor 250 

oxidum Jlavum 232 

oxidum rubrum 232 

perchloridum 225 

tubchloridum 2'26 

tubnitraa * 235 

sulphas flava 236 

sulphuretum rubntm 236 

Hydrargyrum 288 

amidato-bichtoratum 240 

ammoniatum 240 

ammoniatum bicfdoratum 240 

bichloratum 225 

efiloratum mite 226 

corrosivum sublimitum 225 

cyanaivm 228 

iodidum Jlavum 231 

iodatum rubrum, 229 

nitrirum oxydulatum 235 

oxytlafum rubrum 232 

oxydaium via humida paratum. 233 

praecipUcUum album 240 

sidphnratum rubrum 236 

sutphuricum flavum 236 

Hydrate of ammonium, solution of.. 142 

(as reagent) 26 

of barium (as reagent) *. 27 

calcium, solution of. 247 

chloral 175 

oxide of iron 210 

potassium 298 

sodium 337 

Hydrochloric acid 88 

Hydroehlorate of morphia 271 

quinia 319 

Hydrochloride of morphia 271 

quinia 319 

Hydrocyanic acid 88 

Hydrogen, nascent (as reagent) 28 



HjdrogFD, cnlphureltcd (u reignii^ 9! 

Hjdiofulphuric iciil (u reagenl).. . 2S 

Ujpociitarilc or calcium 170 

lime, 170 

UjpopbMpbilc of cakjun IBS 

iron. ao7 

Hme. 188 

iodium 389 

Hjpoculphile of BOdiam. 330 

lodigo Fulphxic, Bolution of (as re- 

BgCLt) 82 

•ulphuric BCid tos reigenl) 21 

loctate or polofilum (■* reagent. ... S4 

Iodide of Bminoniuni 1!8 

arsenic 1S4 

iron. 308 

lewL 281 

mcreurj, green SSI 

mcTcm?, rad. iSI> 

pouxium SOS 

■odiam S41 

■alphar. SS3 

todidea, ilutintlloti from branidcs. 

138, 808 
diaUociioD &om chlorides. 

806, 842 

Iodine 248 

volumetric le«t-«olation of. ti 

water (as reB)cetil) M 

lodiuixcd potassium iodide <as n- 

■gcix) 2B 

loditmm 248 

lodolbna 242 

lodo/armtm !42 

JbdWn 448 

froD !ia 

Iron, acetate o^ KOlution t>r. 24T 

alum 202 

ammonlo-cUoride of. 201 

ammasio-citnte of. 201 

ammonio-iulpbate of. S02 

amruDnlo-tartrate of. 203 

ftraenialeor. 19S 

carbonate of. 214 

chtorideof 198 

eitnle of. 200 

fecTOCjanide of, 206 

hjdraled oxide of. £10 

■ bTpapboepUte of... £07 

Wide of. 208 

iodide ot, uccharated SOS 

UcUte of. S09 

magnelic oxide of. 211 

nilraleof, aotullcFnof 248 

perchloride of. 198 

peroij'hj'dTate of. 210 

pernitnte of, BoluliOD of 248 

persulphate of, solution of.. .. . 210 
pllO£phit« of. 21S 




Inm, potaaiio-taMniie of. S04 

powder.: 218 

pTropbospbalo of. 218 

pfropboEplute of. viih citfat* 

of ammoaium. 114 

and qabia, dime of. 2M 

saccharated earbcnate of. 197 

sesqui-cliloride of. 19<l 

Bubcarbonale ofl !I4 

sulphate of 2IS 

tenulphate of, solution t^. S49 

Takriaoatcof 217 

K. 
JTafJHm aettUioH 

liehnmletim. 

bilariarieitm 

bromitlinn 

tarbamirum tntdMm , 

eartomam iltpurvliiM 

earboninm /nanni 

cMeriatm. 

cArominun mbnaa ... 

/trreeifttiialimt. 

hmrmaitffa HiaaA 

Kilrimm. 

sn/pAurahim 

lart<trirMm 

StrtHtt miHtralr 

KTWetum 

L. 

Lae tulphtirit 

lactate of iron 

Lacilc acid. 

Lead,aceute of. 

carbonate of... 

Iodide of. 

nitrate of. 

oiide of. 

wd oiideof. 

snbacetale of, solution oC. . 

subcatbonale of . . . . . 

sugar of. 

Ume, earbonate of ....... 

chlorinated 

hf popliorphite of 

phosphate of ,. . 

ominimii aatalii .. 

anlimonii thhridi 



Ligitor ealeii. 841 

cilnri W 

ferriantatU 2*1 

ftrneUoridi 198 

frrri uilratU 24B 

ferri pfrnllrath 2*8 

trr<i lKrm',Aa'i'<.. 249 

/erri luhiu'pl^ulit 249 

Jtrri lenuiph tit S49 

kydrarayri ^AtnttU 250 

hgdnrg^Hniiriaa^iJali.... 23S 

Kvdrarffgri niTruJ oxiJatt 200 

ia/ii- arifflimri 204 

kalii faiutid 2B2 

,<.i.Tii'o'""fni 2H 

phuM >uba.:l„li> 2B1 

jBlaaa, . ^ ^^ ...,,. ,^ ...... .* 2B2 

polaiai artnitU 254 

polatai kgdnitU 202 

mda. 204 

Mdii hvdralli 2H 

Hihii Ahntti 246 

Litharge. 282 

lAlhargipnim 282 

Ulhii ftrhoma 256 

UUtiam carbonicum 206 

eilrieuin 257 

UtmuiupiipeT. 32 

■alution 32 

Litre-Ssskg anJ Jura 03 

LuDur caudtic 150 

M. 

Hi^esia 208 

calcined 208 

Magnttiaalba 259 

carbnnica 209 

lalphuria 260 

wi.1 268 

Magnaii carboitat. 209 

mulwa 268 

tHlphat. 260 

Mmguesiiim c.rboniitP 259 

Buiphatc. 260 

Hagnetic oiidc of iron 211 

lluigaDe.''c, black Oilde of. 262 

JioxiJcof. 262 

■ulphnteof 261 

M>i<u,a:<r->1, <>j:idumnigrMm 262 

j«'/,W 264 

HinennouB sulphate 264 

Manf/a-iin fivf/rrozj/Ja/am 262 

.u//i/.uii™;n. 264 

Kercuric -ctiloride 225 

c>-anide. 228 

iodide 229 

nitrate, solution of 2S0 

oiide 282 



Uercnrio aulpbate. 280 

aulpWde 28( 

Mtmrx¥t dKleu 226 

McKuroua chloride 22S 

iodide 2M1 

nitrate 281 

MerourT 288 

amniODinteJ 240 

aminouio chloride of. 240 

liiniocHdaof 229 

cjaoide of !»8 

oxide of ^33 

perchlnride of 22D 

pemilrftie of, solution of 250 

protoiodide of. 231 

aubchloride of. 22B 

euballraleof. 280 

Bulpbateof. 236 

aulpbideot 28S 

Methenjl iodide 242 

Uinenil kennea 13S 

284 



Mini 

Morphia. . 



MorphCnum 2SS 

^fc™ 271 

hgdiveh/orieum, 271 

nilpKuriaim 872 

Uucilage of starch (at reugent) ii 

Muriaticaeid 88 

MuBtard-oiL 877 

N. 





Hitrc 308 

sweet ipirit oC 3(1 

Nitric Mid 91 

Kiwitc,«l(jL asi 



OUvm amygdalamm 



Opiam, ettinuMcor morpliu (trcnglli £ 

Oxalate of ceiium I 

Oxalic acU 



Otidv of vtttioaaj 1S4 

coppcT '.. 18B 

iron aiO, !1I, SI* 

lead 882, 2«4 



Ox}-«arboaat« of biamuih . . . 
-chloride ofantiinotijr. .. 

-DilralcoTbiRmalb 

-•ul|]hide of uttimonj. . 



PcartiBh. sea 

pariBcd iM 

PnlMiilphide of antinwRij 140 

Penbloride oriron ISB 

. 2«G 



Fermaniiaiiat* ot polaaiiiuin. ... . 

Peruitrkte of iron, aoluUon of !4a 

mcruurj, lolatiaii of. SSO 

PctoiyhjdratcofiroD SIO 

Penulpbale of iron, Mdution of. . . . 349 

Pbenic alcohol 78 

FheoicBcid 78 

Phenol 78 

Pbocphaleof kmncniuin 13(i 

calcium. IBS 

iron SIB 



Phosphoric acid BO 




Potassium acetate... 

(■I rea$^t] .. 

solution of. 

bicarbonate , 

tiioliromate S8T 

bitartnle MS 

... S«0 



carbonalr, crude . 

carbonate, purified )M 
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Potassium chlorate 297 

ferricyanide (as reagent) 26 

ferrocyanide 301 

hydrate 298 

iodate (as reagent) 24 

iodide 802 

nitrate 806 

permanganate 807 

prussiate 801 

and sodium tartrate 808 

sulphate 809 

sulphide 810 

sulpburet 810 

sulphocyanidc (as reagent). ... 25 

tartrate 811 

Precipitation 15 

Precipitated carbonate of lime 167 

oxide of mercury 282 

phosphate of lime 169 

sulphur 859 

Protochloride of mercury 226 

Protoiodide of mercury 231 

Prussian blue 206 

Prussiate of potassium 801 

Pyrolusite 262 

Pyrophosphate of iron 218 

in iiicales 214 

of iron \%ith citrate of ammo- 
nium 214 

of sodium 846 

Quicksilver 288 

Quinia 812 

ferric citrate ; 204 

hydrochlorate 819 

hydrochloride 819 

sulphate 820 

tannate 824 

valerianate 825 

Quinue hvdroehiorM 819 

mnrias 319 

gfJpMas 820 

iannas 824 

frt/f riatuis 825 

Quinine 812 

Quinoiiline 826 

Quitioidinum 826 

R. 

Reactions 18 

Reagents 18, 20 

Red iodide of mercury 229 

oxide of lead 284 

oxide of mercury 282 

precipitate 282 

sulphide of mercury 286 

Rochellesalt 808 

S. 

Saccharated carbonate of iron. 197 

iodide of iron S08 



Sal iimmoniacum 127 

Saltpetre 806 

ChiK 843 

Salt, common. 886 

of tartar 295 

Santonin 828 

SatUoninum 328 

Seignette salt 808 

Sesjjui-carbonate of ammonium. ... 126 

chloride of iron 198 

Silver, nitrate of 150 

oxide of 164 

SinapUy oleum 277 

Soda 887 

Sodce liquor 254 

Soda aceiat 329 

anenias 880 

biboras 881 

bicarbonas. 882 

carbonas 334 

c/Uoridum 886 

hydras 887 

hi/pophonpkia, 889 

hypo9ulpki» 389 

iodidum 341 

niiraa 348 

phoitphat 846 

pyrcphotphas 846 

tulphaa 847 

sulphis 850 

Sodium acetate 829 

arscniate 880 

biborate 881 

bicarbonate 882 

bitartrate (as reagent) 26 

carbonate 884 

chloride 886 

dithionate 889 

hydrate 887 

volumetric test-solution of. 60 

hypophosphite 339 

hyposulphite 889 

volumetric test-solution of. 68 

iodide 841 

nitrate 848 

phosphate 846 

and potassium tartrate 808 

pyrophosphate 846 

subsulphite 889 

sulphate 347 

sulphite 850 

tetraphosphate 846 

Sodium tariaratum 808 

Solution 16, 87 

alcoholic, of ethyl nitrite 851 

alcoholic, of ammonia 142 

ammonium acetate 245 

ammonium hydrate 142 

antunoniouB chloride 246 

calcium hydrate 247 

chlorine 147 

ferric acetate 247 





ct...- ._ 

ibl 

■iM 

jSulphDnUd ■ 

! SnlphDitlMd hfdrapa. xa 

Solphnnt oT por— liaui. »• 

Sulplmnc ictd . IM 

ftcid mtuihgE of Much (u n. 

pmt) n 

SiJfAitru hdiJmiK. Stt 

SulpbTdraU of uniDouHiB (■■ n- 

«.3«") "^^ 

SwKt ipirit of mtn Hl^^^B 

Sgn^xuftrriialiJi *^^H 

TaoTute of quinia SM 

TuiQic «ciii IW 

Tartar, creun of SW 

eoictic Ul 

TiKaric KCid. . 

Tarttraled anluaoD}' 11] 

Tiiriarut dfpmraiui^ .._,.,_. "'^ 

•mlroiiiliu 

Tartnio i>f iron and aiumonli 
of irnn and po(a»icun. . . 
orpotuaiuiQ Stj 

Tenulphaic of iron, Boluiion of. 1 

Teat-papere. 

Tcst-aoldtions, volanwlric, of. .... , 

lodiiio "'.'.'.'.'.'.'.'.'.'.'.': 

oialio acid 

Bodium hydrate ... 

(odimn hypoaolpUte. 

Theine 

Thermomuiric acilea, coDTeraUw of 

degren oF. f 

Tiacturc of opiam, estimatioD of 

morphia itrungtb of 

Tribiaic ammoaiom phosphate. . 

ccJciuiD phoaphate IH 

Bodium phoaphate " 

Tr'iplunibic acetate, aotutioa of. . . 

Mtroxide. 

TrisulphiiliL' or autimoii;. 

Troj-weighl 
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Turbidity 16 

Turmeric paper 83 

solution 83 

Tnrpdkuin mitierale 286 

V. 

Valerianate of ammonium 131 

bismuth 164 

iron 217 

quinia 825 

zinc. 372 

Valerianic acid Ill 

Veratria , 864 

I'tratritium 364 

Verdigris 188 

Vermilion 236 

Vinegar 67 

Vitriol, blue 191 

white 870 

Volumetric test-solutions. {See Test- 
solutions.) 

W. 

Washing-bottle 16 

Water, chlorine 147 

distilled 149 

distilled, in tests 16 

lime 247 

of bitter almonds 146 

Weights, atomic 377 

conversion of troy into metric. 880 I 



Weights, conrerslon of metric into 
troy 881 

White arsenic 78 

lead. 279 

precipitate 240 

vitriol 370 

Wood-tar creasote 186 

Y. 

Tellow iodide of mercury 281 

oxide of mercuiy 282 

prussiate of potassium 801 

subsulphate of mercury 286 

Z. 

Zinc acetate 865 

chloride 866 

oxide 868 

sulphate 370 

valerianate 372 

Zinei acetae 865 

ehhridum 866 

azidum 868 

eulphae 870 

vaUrianae, 372 

Zinewn acdicum 865 

cJdoratum 366 

murivticum 866 

oxvdatum 868 

tufphuricum 870 

vaterianieum 872 
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Heat as a Mode of Motion. 

One vol., i2mo. Cloth, $2.00. 

** My aim has been to rise to the level of these questions firom a basis so elementary, that a penoa poa> 
sessing any imaginative faculty and power of cooccntnuioo might accompany me."— ArvM AmiJk^t^s 
Pre/act. 

On Sound. 

A Course of Eight Lectures delivered at the Royal Institution of Great Britain. 
One vol. With Illustrations. i2mo. Cloth, $2.00. 

" In the following pages I have tried to render the science of Acoustics interesting to all intelligent per- 
sons, including those who do not possess any special scientific cidture." — ttvmAutJtov^s Fre/aa, 

Fragments of Science for Unscientific 

People. 

A Series of Detached Essays, Lectures, and Reviews. One vol., i2mo. 
Cloth, $2.00. 
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ain. One vol., i2mo. Cloth, $1.25. 
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One vol., i2nio. With Illustrations. Cloth, $2.00. 
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One vol., i2mo. Cloth, $1.00. 

" It has been thout^ht desirable to give you and the wnrid some image of Michael Faraday as a 8cien> 
tific investi^tor and dKcovercr. ... I have returned from my task with such resulisas 1 could gather, 
and also with the wish that these results were more worthy than they are of the greatness of my theme."— 
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Forms of Water, in Clouds, Rain, Rivers, 
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and interesting work. One vol., i2mo. Cloth, $1.50. 
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D. APPLETON & CO., 

549 & 551 Broadway, N. T. 




THE NEW AND CHEAPER EDITION OF 

FIGUIER'S 

Popular Scientific Works, 

Containing all the Original Illustrations, With the Text thoroughly 
revised and corrected. Price, $^,^0 each. 



The World Before the Deluge. 

The Geological Portion carefully revised, and much New Matter added, 
by H. W. Bristow, F. R. S., of the Geological Survey of Great Britain, 
Hon. Fellow of King's College, London. With 233 Illustrations, i 
vol., 8vo. Price, $3.50. 

" A b^ok worth a thousand gilt Christmas volumes, and one most suitable as a gift to an intdlectual 
and earnestly-inquiring student" — AikenoMtu. 

The Ocean World. 

Being a Description of the Sea and its Living Inhabitants. Revised and 
corrected by Professor E. Percival Wright, M. D. With 427 Illus- 
trations. I vol., 8vo. Price, $3.50. 

The Insect World : 

A Popular Account of the Orders of Insects. Revised and corrected by 
P. Martin Duncan, M. D., F. R. S., Professor of Geology in King's 
College, London. With 576 Illustrations. I vol., 8vo. Price, $3.50. 

" Remarkable at once for the beauty and variety of its illustrations. The book is an excellent one» and 
admirably got up." — Educational Timts. 



The Vegetable World: 



A History of Plants, with their Botanical Descriptions and Peculiar Prop- 
erties, and a Glossary of Botanical Terms. New edition, revised and 
corrected by an eminent Botanist. With 470 Illustrations, i voL, 8vo. 
Price, $3.50. 

" Throughout the boolc we have e\'idence of careful editorship in various little alterations which render 
it more suitable to the British Botanist^ and in additions which bring it up to the present state of botanical 
science The present edition of ' The Vegetable World ' is, so (ar as botanical value is con- 
cerned, the best which has appeared, not excepting the original French issue."— The CanUn. 



Reptiles and Birds. 



Revised and corrected by Captain Parker Gillmore. With 307 Illus- 
trations. I vol., 8vo. Price, $3.50. 

Either of the above scnX/ree by mail to any address on receipt of the price. 

D. APPLETON & CO., Publishers. 



TJU Colored FUU^a iButtratmy this tuition of the itork r 
great care in printing, were exeeuUd in London. 



SPECTRUM ANALYSIS, 

In its Application to Terrestrial Substances, ana the Physical Constrto- 
tion of the Heavenly Bodies, 

Familiarly explained, by Dr. H- Schellen, Director der ReaUcholc I, O. 
Colore- Translated from the second enlarged and revised Cennan cdi- 
lion, by Jane and Caroline Lasclt. Edited, with J<otcs. by William Hog- 
gins, LL. D. With numerous Woodcuts, Colored Plates, and Portraits; 
also. Angstrom's and KirchhofT's Maps. 455 pages, Svo, cloth. Price, 
$6.oa 



/^ri>m Ihi CArmieal A'nei. 
" This admiralile work doei credit to, or should we saj is northj of ihc mthor, 
truulatora. and (he editor. The firal pail treats on the artificial sources of high 
greei of heat and liehti ihc Kcond oa' Spectrum Analysis in its appli 
hcavcaly b'xiin. \Vc muti approve ibe method followed in Ihe translation, utd by 
editor. In nuuty Iranilations Ihc views of (be autborare suppressed, in order that 
views of ibe tranilator or editor may be expounded ; but heie Dr. f^fuggins, liowerer 
leniently such a fault might have been looked upon with him, has permitted the authot** 
views to remain intact, dearly slating his own and wherein lies ihe difference." 

Frvm Iht Chicago Post. 
"The object of Ibis volume is to introduce the general reader into a new reslniq 
science, and acquaint hiin with the particulars and the results of the most brilliant d 
covcry of the present century. Whoever has an appreciative sense of Ihe beauties II 
wonders of Nalnre, illaminated by science, will find this volume a rich n 
ment which he will do wisely to enplore." 

From thi Pkiladilpkia Age. 

"The contents are fomtidable in appearance, but the average reader will find ilicg 

position easily intelligible. To many the revelations of this book, so 

minute, and yet so unerringly occnrate, will be as wonderful as the stories of tl 

'Arabian Nights.'" 
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From tkt Bothn Clsht. 

e knowledge, the Spectrlm Analysis bis let u 



"CerlMnly, as regards n 
many secrets of the physical universe, which Newton and Laplace would have declared 
impossible for man's intellect to altun. The science is still in its infancy, but ii is 
prosecuted liy some of [he ablest, most patient, and mosi enthasiosiic observers, md 
iiime of the hcencsl thinkers, at present existing on our litlle insignilicani phjnied' ' 

D. APPLETON & CO.. PubliBliere, 
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An Impartant Work for ManufiEtotaren, Ohemists, and Stadents. 



A HAND-BOOK 

OF 

CHEMICAL TECHNOLOGY. 

By RUDOLPH WAGNER, Ph.D., 

PBOFE8SOR OF CUEMIOAL TBCnNOLOGT AT THE UNITEB6ITT OF WUBTZBUBG. 

Translated and Edited, from the Eighth German Edition, with Extensive 

Additions, 

By \A^m/cROOKES, F. R. S. 

WITH 336 ILLUSTRATIONS, i Vol,, Zvo. 761 Pages. Cloth, $5.00. 



The several editions of Professor Rudolf Wagner's " Handbuch der Chemis- 

chen Technologfie " have succeeded each other so rapidly, 

that no apology is needed in offering a 

translation to the public. 

Under the head of Metallurgic Chemistry, the latest methods of preparing 
Iron, Cobalt, Nickel, Copper, Copper Salts, Lead and Tin and their Salts, Bis- 
muth, Zinc, Zinc Salts, Cadmium, Antimony, Arsenic, Mercury, Platinum, 
Silver, Gold, Manganates, Aluminum, and Magnesium, are described. The 
various applications of the Voltaic Current to Electro-Metallurgy follow under 
this division. The preparation of Potash and Soda Salts, the Manufacture of 
Sulphuric Acid, and the Recovery of Sulphur from Soda-Waste, of course' 
occupy prominent places in the consideration of chemical manufactures. It 
is difficult to over-estimate the mercantile value of Mond's process, as well as 
the many new and important applications of Bisulphide of Carbon. The 
manufacture of Soap will be found to include much detaiL The Technology 
of Glass, Stoneware, Limes and Mortars, will present much of interest to the 
Builder and Engineer. The Technology of Vegetable Fibres has been con- 
sidered to include the Preparation of Flax, Hemp, Cotton, as well as Paper- 
Making ; while the applications of Vegetable Products will be found to include 
Sugar-boiling, Wine and Beer Brewing, the Distillation of Spirits, the Baking 
of Bread, the Preparation of Vinegar, the Preservation of Wood, etc. 

Dr. Wagner gives much information In reference to the production of Potash 
from Sugar-residues. The use of Bar>'ta Salts is also fully described, as well 
as the preparation of Sugar from Beet-roots. Tanning, the Preservation of 
Meat, Milk, etc., the Preparation of Phosphorus and Animal Charcoal, are 
considered as belonging to the Technology of Animal Products. The Prepa- 
ration of the Materials for Dyeing has necessarily required much space ; while 
the final sections of the book have been devoted to the Technology of Heating 
and Illumination. 

D. APPLETON & CO., Publishers. 
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isikm." I vol Cloth- Price, ti-ja 

PROSPECTUS. 

I>. ArPLETOS ft Co. luic Ihc pleuBre of UiDOWKiite that iWr 1 
afraacnsnl* (or pnUUiiBg, uul hiTe rttnilf ccsmuttccd i& iunc o' 



Tbc duractcr aad' Kope of tUi ictict will be bal incbcatcd b; 
in lb« (ubicnned lut, from irbkh ii will 
oo0p«ralloil orihe mod dittinicaUlleil profntort in Kn^and, (iermaaf, Vnatpe, 



r* Hid tnliic 




iMdit incJiuled in lb« lubioi: 
if the mod dittinicaUlieil p 
ttn'ValUii Suit*, hat been uCBred, anil cegoliatiaiu arc pcmJing tor o 
' 1 oehw eminent icicntiftc wrilert. 

The wifilu will be li:ueil Umaltaneooilr tn New Voik. London, Paric, and Letpoc. 
Tmk l^TcaMATtuNAU Suiti.f Dric Sertfa ji enlirclr an AmericaD pnject, and 
oridualed and organlicd bjr Dr. £. L>- Vouhahs, who spent tbe greater poit of a 
' Id Knrope. arranjcins wilh lathon and pobliihen. 
Ilitonlng volum '-"- 



Tb« brtlwonlng vi 



« u roUowi ; 



Mt T, M. Kci 



f, LL, n„ F. K. S.. «»^J> «* 



ttPkjiieUtj. 
Sb loHK Luaaom, Dvt., r. K.S,, Ti, AnilfuH, 

fnS, RuBoint Vii>c>i'nr<'>(l>ic Ua-milr «( Ber- 

U*), MrrtU n^tHUtUiU AHItn, 
Prat AiiiAHDBi t>uii. L-l. D.. mlall^t t/Mimd 

miuia<Hlf. 
Pnt lUtruua SnvAir. LL. D.. F. R.S. Tlu 

fk. IL CHAiinu Daitkb, M. U,. P, R.a. ZJi 

HaanKT aranna, Eiq,, Tkt Stvir ^ Srciiltty. 
Pnt WuuAH ODLiHa, P.R.H.,7^«/ A'rwnnr- 



Prdf. W. Tnihi. 

Dr. KdwaW Sun 
Prar. W. Ki 



• Drai. D. A . a Sc. FirnH 
Hiring llMi.. 



t. W. KmonoH CLim»i>, M. A., TAi Firtt 




PkL S. W. Johnxw, M. 



1. A.. LL. D.. On CffAali. 
bwyMMH /■ tU rrhlitn 
- ' DrtiU ■ 



\., Oh I 



' Nxlri 



Pirf Atnw Puw, Jf.. M. D., Tit yirr^mt ^t. 

Urn miJ iu rtlmiuM U 144 St4i(^ FtanlM^i. 
Fror. W. D. Wumn. fft-iirm LlmfmiMtic Sarmx. 
Ptof. A. C. Rahu*. LU v., r. B. S,, £vM 

Dr. HmioT MALMLai. XitfamtOiSIf m DmimM. 
Pmt Miciuat Foim, U, D.. Fnii^Inm ami 

lit CiU Ihttwy. 
Riv. M. J. UainLiv, M. A,. T, I, S., Fwi: 

QVEmrr (of ihe Bnuacli Aadeny ol 



VtaL A. m QuATurAcas, 7"** A 
Prgf. I.Ai:A»-DiirHtU9, Ztsltfs 
IVot C A. VoUBc. Ph. D. (of I MI 



Collc(.J. 



Pief, BiiMiram IXSx 

ProT. HtKKAN (Uniwnily ofZuHdi). O* ^r(/i> 



PnT. Rui 



(Uniwnlt}' of Leipik), Otittima 
■cnily of EiIuehi). On Prnnuilit 



Piot VouL (Polneehiiii: Auduiy, Btrlin). 7*1* 
CAtmihit £fitf ,J Litid 

Pmf Schmidt (UnimityorSawtwini). TktTlu- 

try ./Dt,Hml.—Darvimitm. 
PraC RouNTiuL (UuTenity dF Eitingcn), rApi'* 



f/'Cr ^Mm(Ih awdNir, 



Vmtmatx It. Saint-Claiiie Dkville, BEatHKLOT, and Wurtz, 

to wrlle, liul linve nw yet nnnounccil ihsir subjecla. Olhcr eminent nuthors. 
LACK. IlKLstiimr/, Pakki, Mn.M'.KnwARiis, nnd H,f:cKEL. have given strDng 
ooureBcmrnl llmt \\\ry will aUo Inkc part in Ihc enterprise. 



lEBBttl 



APPLETON & CO., Publishers, 549 k 551 Broadwav, N. Y. 



LANE MEDICAL LIBRARY 



